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Species named i n the t e x t 
P lan t s 
A l l i a r i a p e t i o l a t a ( B i e b . ) Cavara and Grande 
Barbarea v u l g a r i s R.Br , 
Brass ica napus L . , 
Brass ica oleracea L . 
Brass ica rapa s y l v e s t r i s ( L . ) Jachen 
CardaLTiiine p ra t ens i s L . 
Ervsraiura asperum L . 
Hesperis M a t r o n a l i s L . 
Lupinus L . 
Reseda l u t e o l a L . 
Sisymbrium o f f i c i n a l e ( L . ) Scop. 
T h l a s p i arvense L . 
Animals 
Anthochar i s cardamines L , 
A r t o q e i a napi Kudrna (= P i e r i s napi L . ) 
A r t o q e i a napi Macdunnoughii Remington 
A r t o q e i a rapae Kudrna (= P i e r i s rapac L . ) 
P a p i l i o Macheon L . 
P i e r i s brass icae L . 
P lebejus i ca r iodes B d v . 
INTRODUCTION 
Background 
Larvae o f the P ie r idae b u t t e r f l y f a m i l y w i l l only f e e d , 
i n n a t u r a l s i t u a t i o n s , on p l a n t t i ssues which con ta in mustaxd 
o i l s - g l u c o s i n o l a t e s . These p lan t s are members o f the 
C r u c i f e r a e , Rosedaceae, Capparidaceae and Tropaeolaceae 
f a m i l i e s ( V e r s ' c h a f f e l t 1910). Mustard o i l s are r e f e r r e d 
to as secondary metabol ic compounds as they have no known 
p h y s i o l o g i c a l f u n c t i o n w i t h i n a p l a n t . VJithin the p l a n t 
kingdom there are a host o f d i f f e r e n t secondary compounds, 
o f t e n s t rong sme l l ing aind t a s t i n g , c h a r a c t e r i s t i c o f d i f f e r e n t 
f a o a i l i e s , genera, and i n some cases, species. One hypothesis 
f o r a f u n c t i o n a l r o l e i s t ha t they p lay a pa r t i n defence 
agains t h e r b i v o r e a t t a c k , p r i m a r i l y against i n sec t ive rous 
h e r b i v o r e s , ( E h l i c h & Raven 1964, Fraenkel 1966). I n order 
t o f e e d on p l a n t s t r u c t u r e s , i n sec t s have had to become 
immune, or d e t o x i f y the chemical defences a p l a n t possesses, 
i . e . t o become p h y s i o l o g i c a l l y adapted t o t h e i r f o o d p l a n t . 
Such adapta t ions place a metabol ic l oad on an i n s e c t , and 
r a the r than ma in t a in ing mechanisms f o r d e t o x i f i c a t i o n of a 
wide range of chemicals , the m a j o r i t y o f insec t s are 
r e s t r i c t e d to f eed ing on those p l an t s which con ta in one 
p a r t i c u l a r secondary compound. The adapta t ion has become 
so f i n e t h a t what was p r e v i o u s l y a chemical r e p e l l e n t has, 
i n some ins t ances , become an a t t r a c t a n t and f eed ing s t imulus 
t o the adapted i n s e c t ( l \ /h i t taker & Feeny 1971). For those 
animals which s p e c i a l i z e on p a r t i c u l a r p l a n t s , the secondary 
compounds o f o ther (non-host) p l an t s remain r e p e l l e n t and/ 
or t o x i c i n many cases (B lau , Feeny amd Contardo 1978). 
Mustard o i l s are a feed ing stimul^^nt t o P ie r idae l a rvae , 
and c a t e r p i l l a r s o f P i e r i s brassicae can be induced to feed 
on a semi - syn the t i c d i e t i f a mustard o i l i s i nc luded i n the 
i n g r e d i e n t s ( V e r s c h a f f e l t 1910, David and Gardiner 1966). 
A d u l t P i e r i d a e are also s e n s i t i v e to mustard o i l s , t h i s i s 
advantageous, as the adu l t feiaale has to l ay her eggs on a 
s u i t a b l e f o o d p l a n t , so that the l a rvae on ha tching w i l l be 
i n contac t vjxth a p l a n t bear ing the necessary chemical 
c o n s t i t u e n t s to r . t imulate f e e d i n g . Mustard o i l s s t imu la t e 
o v i p o s i t i o n i n female P i e r i a a e ; David and Gardiner , 1962, 
found tha t a green paper t r e a t e d w i t h a 0.2% s i n i g r i n s o l u t i o n 
(a mustard o i l ) s t imula tes o v i p o s i t i o n i n P i e r i s brassicae 
females . 
I n Nor thern temperate l a t i t u d e s , c r u c i f e r s are the main 
food p l an t s o f the larvsie i n the subfami ly P ie r inae (VJhites 
and Orange Ti^js) o f the P i e r i dae b u t t e r f l y f a m i l y . However 
not a l l c r u c i f e r species are acceptable as host p l an t s by 
the b u t t e r f l i e s , and species w i t h i n the P ie r inae group d i f f e r 
as to which c r u c i f e r s the adul t s v ; i l l o v i p o s i t upon, and on 
which the l a rvae w i l l f e e d (Chew 1975, 1977, Shapiro 1975). 
I n many cases use o f d i f f e r e n t foodplan t s can be expla ined by 
the l e n g t h o f t ime the b u t t e r f l i e s and p lan t s have coex i s ted ; 
and the p r e d i c t a b i l i t y o f the occurrence o f the f o o d p l a n t 
resource (Bowden 1970). Chev/ (1975) found tha t s i x c r u c i f e r s 
growing i n meadows i n the Rocky Mountains of Colorado were 
s u i t a b l e as l a r v a l f o o d f o r the b u t t e r f l y Ar toqe ia napi 
macdunnouqhii ivhich l i v e s i n t h i s area. But there were two 
other c r u c i f e r s on v/hich t he la rvae could not develop 
Erysmium asperum, which the l a rvae vrauld not eat , and 
T h l a s o i arvense, which the l a rvae ate but l a t e r d i e d . The 
adu l t s avoitJed o v i p o s i t i o n on E. asperum, but T. arvense 
was G t i l l used despi te l e t h a l consequences. This behaviour 
may be ex].^lainGd by the f a c t t h a t E. asperum contains t o x i c 
cardenol ides (ca rd iac glucosides) u'hich the la rvae may 
recognise and so r e f u s e to ca t . I n evo lu t iona ry t ime t h i s 
may have,proved a s t rong enough s e l e c t i o n pressure to 
remove any tendency to o v i p o s i t on E. asperum from the 
p o p u l a t i o n . T. arvense i s t h o u g h t to have been in t roduced 
i n t o the Rocky Mountains less than one hundred years ago, 
and i n t h i s case not enough tim.e may have elaj^sed to a l low 
the e v o l u t i o n o f avoidance i n the a d u l t s , or those of 
t o l e r ance i n young l a r v a e . 
Chew measured the s u r v i v a l , pupal weights and time taken 
to develop to pupa t ion o f P .n . macdunnouqhii larvae v/hen 
f e e d i n g on d i f f e r e n t c r u c i f e r s . Pupal weight i s c o r r e l a t e d 
w i t h the number o f eggs a female c a r r i e s . The speed of 
development determines the p e r i o d o f t ime a l a r v a i s exposed 
to p o s s i b l e p r s d a t i o n and p a r a t i s a t i o n . A r a p i d development 
nay also b e n e f i t a l5.rva by a l l owing pupat ion before the f i r s t 
f r o s t s o f Autumn i n the Rocky Mountains, and i s e s p e c i a l l y 
c r i t i c a l f o r the o f f s p r i n g o f l a t e er.ierging adu l t s . She found 
no s i g n i f i c - . n t d i f f e r e n c e between pupal weights or s u r v i v a l on 
the d i f f e r e n t c r u c i f e r s but a s i g n i f i c a n t d i f f e r e n c e (P<U.001) 
i n l a r v a l development t imes . 
Cheiv 1977 showed tha t the r e l a t i v e p ropor t ions o f 
]:ilants chosen o v i r > o 7 . i t i o n s i t e s b y feinale b u t t e r f l i r t S 
o f A . n . m a c d o n o u g h i i tended to r e f l e c t t h e i r 3 u i t ? - b i l i t y 
as larvcJ. f o o d i n terms o f d e v G l c p r i e r ; t t imes . I t i s be l i eved 
t h a t t h e adul t s csji d i s t i n g u i s h between d i f f e r e n t c r u c i f e r 
species b y t h e i r g l u c o s i n o l a t e p r o f i l e s (Hovanitz 0: Chanc 
1963, Hicks 1574, Chew 1979). 
For my research p r o j e c t I wanted t o f i n d out v.ihet'-.er 
there were any d i f f e r e n c e s be t \ ; eGn the c r u c i f e r s growing on 
the b a n k s of t h e River Wear i n Durharis, i n terms o f s u i t a b i l i t y 
as r i e r i d l a r v a l f o o d , i n d i c a t e d b y l a r v a l grov:th r a tes , 
5 i . i rvxv ; ; i l , p u p a l weights t ime t^Jcen t o com.plete develop-
m e n t . Leos and Archer (19 74) h a v e s tL- .d ied the ecology o f 
A r t o q e i a napi (one o f my study animals) i n B r i t a i n , and they 
have l i s t e d the r e l a t i v e preferences o f t h i s species f o r f o o d 
p l a j r t s us ing the l i k e l i h o o d o f f i n d i n g eggs when searching 
t h e leaves o f c r u c i f e r s . I s h a l l r e f e r to t h e i r work l a t e r 
i n my t h e s i s , i n o r d e r to conpa.re the arJult o v i p o s i t i o n 
preferences w i t h the l a r v a l f o o d preferences o f A.napi v/hich 
I have found i n the l a b o r a t o r y . 
• Study Area 
Thi£; was m a i n l y a l a b o r a t o r y based study. The c r u c i f e r s 
I chose f o r my f eed ing e x p e r i m e n t s v j e r e some of those v/hich 
grovv on the banks of the r i v e r Wear i n Durhara, one p l a n t 
Cardajnine p r a t e n s i s , v;hich grows i n wet meadows near the 
r i v e r , and a l so t h e c u l t i v a t e d cabbage. Four species o f 
P i e r i d a e f l y along the r i v e r bajiks and nearby m.eadows. 
C r u c i f e r a e 
A l l i a r i a p e t i o l a t a 
Barbarea v u l g a r i s 
Brass ica rapa s y l v e s t r i s 
Brass ica o leracea 
Cardamine p ra t ens i s 
Hesperis ma t rona l i s 
Sisymbrium o f f i c i n r . l e 
Hedge G a r l i c , G a r l i c Mustard, 
Jack-by-the-Hedge 
B i e n n i a l or p e r e n n i a l , 
VJinter Cress, Yel low Rocket. 
B i e n n i a l or p e r e n n i a l . 
v ; i l d Tu rn ip , 
Annual or b i e n n i a l . 
The C u l t i v a t e d Cabbage. 
This p l a n t v . d l l be r e f e r r e d to 
as Cabbage throughout the t h e s i s . 
Cuckoo Flower, Lady's Smocl<. 
P e r e n n i a l . 
Dame's V i o l e t . 
B i e n n i a l or p e r e n n i a l . 
A garden escape. 
Hedge mustard. 
Annual or ove rwin te r ing herb . 
P i e r i dae 
P i e r i s brass icae 
A r t o g e i a napi 
A r t o q e i a ranae 
Anthochaxis cardamines 
Large Cabb^ige ',*;h.ite. 
Greenveined l>Jhite. 
Small Cabbage l # i i t e , 
Orange T i p . 
The f o o d p l a n t s show a successional appearance w i t h the 
seasons. A, p e t i o l a t a , S, V u l g a r i s and C, p ra tens i s are 
v e r n a l species f o l l o w e d l a t e r i n the year by H, matronalxs, 
B, rapa and S. o f f i c i n a l e . Many o f the p lan ts are rude ra l 
species growing on bare ground as pr imary colo 'n izers . The 
p r o v i s i o n o f bare ground i s determined by the f l o o d i n g o f the 
r i v e r , human t r c j i i p l i n g and a g r i c u l t u r a l p rac t i ces i n the near-
hy f i e l d s and so the number o f c r u c i f e r s var ies froin year to 
year (Courtney 1930), 
A" 
P i e r i s brass icae 
Eggs o f t h i s species were obta ined from Dr . 3. O. C. 
Gardiner o f C^xibridge U n i v e r s i t y . They were f rom a 
permanent c u l t u r e he ma in ta ins . I n the- v / i l d s ta te i n 
Durham the species has two f l i g h t :-:^eriods, the f i r s t i n 
l a t e May and e a r l y June, b u t t e r f l i e s emerging from over-
v / i n t e r i n g pupae. The l a t e r emergence i n Ju ly and August 
i s r e i n f o r c e d w i t h c o n t i n e n t a l mig ran t s . I n B r i t a i n the 
f o o d p l a n t predominent ly used i s the c u l t i v a r of Brassica ^ 
o le racea - cabbage, though there are records o f the species 
f eed ing on w i l d c r u c i f e r s (South 1944) , e .g . Brass ica napus. 
A r t o g e i a nap i 
Adu l t s f rom two popula t ions o f A.nap i v^ere used i n the 
s tudy . Female adu l t s were caught f l y i n g along the banks o f 
the r i v e r Wear i n Durham; I also obta ined some f rom an 
upland p o p u l a t i o n f rom G a r r i g i l l near A l s t o n , S. Tynedale, 
( cour tesy o f S. Cour tney) . The females caught l a i d eggs and 
f rom these the l a r v a e hatched which ivere used i n the experiment. 
Lees and Ar thur . (1974) have found that . A .nap i l a rvae w i l l 
accept more than 30 species o f c r u c i f e r i n the l a b o r a t o r y , 
as well as o ther e x o t i c species con t a in ing mustard o i l s . 
Anthochar i s cardajuines 
I had hoped to v/ork w i t h the l a rvae of A. cardamines, 
and c o l l e c t e d eggs f rom the Wear banks. U n f o r t u n a t e l y a l l 
those c o l l e c t e d died through disease. However, as f eed ing 
experiments formed one aspect o f 3, Courtney 's work (1980) 
7. 
on the ecology o f t h i s species i n Durham, t h i s area has 
a l ready been s t u d i e d . I t w i l l be i n t e r e s t i n g to compare 
the r e l a t i v e s u i t a b i l i t y o f the c r u c i f e r s as l a r v a l f o o d 
f o r t h i s species and A , n a p i , 
A r t o q e i a rapae 
This species uses both cabbage and w i l d foodplan ts and 
t h e r e f o r e comes i n t o compe t i t i on w i t h both A ,nap i and 
P ,brass icae , I d i d not work w i t h t h i s species. 
8 . 
METHODS 
P i e r i s brass icae 
L a r v a l qrov/th when feeding on d i f f e r e n t c r u c i f e r s 
Two f eed ing experiments were c a r r i e d ou t , one at 15°C 
and one at 10°C. The l a rvae used had hatched on, and been 
i n i t i a l l y reared on Cabbage, 
Batches o f la rvae v/ere g iven the foodp lan t s B . v u l g a r i s . 
C .pra tens i s and cabbage when f o u r days o l d , and one batch 
r ece ived A . p e t i o l a t a v/hen t h i r t e e n days o l d . This group of 
.animals were kept at 15°C and no attempt was made to d i s t i n g u i s h 
between i n d i v i d u a l animals, and a l l the c a t e r p i l l a r s ea t ing 
a p a r t i c u l a r f o o d p l a n t v/ere kept toge ther . 
The l a rvae kept at 10°C were f e d on Cabbage, B , v u l g a r i s , 
B. rapa, H .ma t rona l i s and A . p e t i o l a t a « The animals v;ere placed 
on the d i f f e r e n t f o o d p l a n t s v^hen t h i r t e e n days o l d . I n t h i s 
experiment the animals were kept s imgly i n p e t r i dishes, so 
t h a t the growth o f i n d i v i d u a l s could be moni tored , and as a 
p r e c a u t i o n against the spread o f disease. 
At each temperature the f o o d was reneived ox changed as 
necessary, and the con ta iners cleaned of f r a s s at regular 
i n t e r v a l s . 
The l a rvae were weighed i n d i v i d u a l l y at f requent 
i n t e r v a l s , u s u a l l y every three days, i n order to monitor 
t h e i r weight ga in as an i n d i c a t i o n o f the r e l a t i v e growth" 
r a t e s supported by the d i f f e r e n t f o o d p l a n t s . The s u r v i v a l , 
the t ime taken to complete development and the pupal weights 
o f the l a rvae on the d i f f e r e n t f o o d plcoits were recorded. 
The d i f f e r e n c e between the p l a n t s used i n the 10°C and 
15°C t r i a l s -.vas due to t h e i r a v a i l a b i l i t y at the times of 
the experii- 'cnts. The 10°C t r i a l was run l a t e r i n the year 
when Cardaiiiine p ra t ens i s was d i f f i c u l t to ob ta in i n 
s u f f i c i e n t q u a n t i t i e s i n the Durham area, and when Hesperis 
and Brass ica rapa v;ere i n greater abundance thar. they had 
been when the 15°C t r i a l had been r u n . From the ejqperiment 
below some i n d i c a t i o n o f l a r v a l weight gain can be ascer ta ined 
on H .m.atronalis and 3. rapa at 15°C. 
L a r v a l weight gain and f o o d in take 
This experiment v.-as conducted to see whether there were 
d i f f e r e n c e s between the i n t ake o f each foodp lan t by i n d i v i d u a l 
l a r v a e which may account f o r any d i f f e r e n c e s betv/een t l i e i r 
we igh t ga ins . 
The la rvae i n t h i s experiment v:cre kept i n d i v i d u a l l y i n 
p e t r i d ishes . They v/ere v/eighed and then' given a known wet 
weight o f one c r u c i f e r , kept f r e s h w i t h moist co t ton ivool . A 
r e p r e s e n t a t i v e sample o f each c r u c i f e r was v;eighed v/et, and 
then reweighed a f t e r having been d r i e d at 40*^ 0 f o r seven days. 
From the saiiiple weights a we t /d ry weight r a t i o could be 
C i i l c u l a t e d . This r a t i o was used to f i n d out how much of a 
c r u c i f e r a l a r v a had eaten dur ing the experimental p e r i o d . 
Using the r a t i o , the i n i t i a l . w e t weight o f the c r u c i f e r given 
to an animal was conver ted to a d r y v/eight; the am.ount o f food 
l e f t at the end of the t r i a l vras weighed when dry and t h i s 
amount sub t r ac t ed f rom the dry v^eight o f the. f o o d given 
i n i t i a l l y . 
10. 
Th i s expeririient was run over th ree periods o f two days 
each us ing the c r u c i f e r s : cabbage, A . p e t i o l a t a , S , v u l g a r i s , 
B. r apa and H.m.atronal is . 
L a r v a l food preferences 
This ex-p-eriment was c a r r i e d out to discover whether the 
l a r v a e showed a p re fe rence f o r any c r u c i f e r uiien given a 
cho i ce , and whether t h e i r preference was r e l a t e d to the 
s u i t a b i l i t y o f the foodp lan t s i n terms o f the r a p i d i t y o f 
development t l iey supported. 
I n d i v i d u a l l a rvae o f known weight \;ere placed i n p e t r i 
d ishes con ta in ing known v/ct v.reights o f H.matronal is , 3. rapa, 
B. v u l g a r i s , A , p e t i o l a t a and cabbage. The food p l an t s were 
ove r l app ing and kept f r e s h v; i th mois t co t ton w o o l . At the 
end o f the ex-pcrimental pe r i od the amount of each c r u c i f e r 
eaten was c a l c u l a t e d using the we t /d ry v;eight r a t i o (as 
o u t l i n e d above). This ex'periiuent was repeated three times 
us ing the sarac c a t e r p i l l s x s . I n t h i s way i t could be 
determined whether i n d i v i d u a l c a t e r p i l l a r s kept at the same 
f o o d preferences over an extr-nded p e r i o d , or whether t h e i r 
f o o d choice bccrme more c a t h o l i c i n t a s t e as the p e r i o d o f 
exposure to a number o f c r u c i f e r s increased. 
I n the above experiments the P.brassicae la rvae had a l l 
hatched on. cabbage B,oleracea , and had been eat ing t h i s 
p l a n t f o r at lesist f o u r days b e f o r e they vjere t r a n s f e r r e d to 
v- ' i ld p l ax i t s . I t was wpndered how much a f f e c t the foodp lan t 
on which a l a rvae ha.tched and completed i t s f i r s t i n s t a r had 
on i t s i n i t i a l grovrth. To gain t h i s i n f o r m a t i o n , eggs o f 
1 1 . 
P i e r i s brass icae were hatched on H .ma t ron rd i s , A . o e t o l a t a , 
B . v u l g a r i s and cabbage and t h e i r weights a f t e r nine days 
were recorded. 
A r t o q e i a napi 
The la rvae f rom the A l s t o n p o p u l a t i o n were used i n 
s i m i l a r experiments to those c a r r i e d out w i t h P i e r i s 
b ra s s i cae , to gain i n f o r m a t i o n on l a r v a l development on 
the d i f f e r e n t c r u c i f e r s ; l a r v a l weight ga in and the amount 
o f each c r u c i f e r eaten, aind l a r v a l f o o d preferences . S i m i l a r 
m.ethods were employed. The animals '.vere kept at 15°C f o r 
the d u r a t i o n of each experiment. The food p lan t s used v^ere 
A . p e t i o l a t a , 3. v u l q a r i s , 3 . r apa. H , matron a l l s and S . o f f i c i n a l e . 
The l a r v a e were t r a n s f e r r e d f rom A . p e t i o l a t a when t h i r t e e n 
days o l d . 
Experiments v/ere s t a r t e d to measure s u r v i v a l , develop-
ment t ime and pupal weight o f l a rvae f rom the Durham 
p o p u l a t i o n o f A .nap i on d i f f e r e n t c r u c i f e r s . However, the 
m.a jo r i ty o f animals d ied through disease, but I have a few 




I n t e r p r e t a t i o n 
1A 
L a r v a l qrov/th on the d i f f e r e n t foodp lan t s 
P i e r i s brass icae 
Graphs 1 and 2 show the a r i t h m e t i c p l o t o f the r e l a t i v e 
mean iveight ga in o f the l a rvae o f P i e r i s brassicae when 
feciding on d i f f e r e n t c r u c i f e r s at 10°C and IS'^C, and these 
mean vv'eights are l i s t e d i n Tables 1 a^id 2.. Although the la rvae 
are t r a i : i s f e r red onto the w i l d foodplan t s at the sajrie i n i t i a l 
weight i t can bo seen tha t tr.e v-'eights o f the larvae on the 
d i f f e r e n t foodplsJ i ts d iverge dar ing the experineri t s . In the 
10°C ejcperir-.ent, dur ing the f i r s t three days a f t e r they were 
i n t roduced to the ne'.v f o o d p l a n t s , the l a rvae given A l l i a r i a , 
Hesperis and Bar bar ea shoi/ed l i t t l e increase i n weight , i n f a c t 
there was a decrease i n weight o f the la rvae feeding on Hesperis, 
The l a rvae ate very l i t t l e o f the w i l d c r u c i f e r s f.luring t h i s 
p e r i o d , seeming to be r e l u c t a n t to accept the new c r u c i f e r s of 
u n f a m i l i a r g l u c o s i n o l a t e p r o f i l e s . The la rvae o f P.brassicae 
accepted Brass ica rapa immedia te ly , a p l a n t o f the sar.ie genus 
as cabbage. I t would seem tha t there are some chemical 
c h a r a c t e r i s t i c s o f the other new p l a n t s vv'hich e i t he r repe l the 
l a r v a e or f a i l to e l i c i t the feed ing resr.onse. However, a f t e r 
the f i r s t three days the l a rvae accept and feed on the w i l d 
c r u c i f e r s (see a l s o ' L a r v a l W e i g h t ga in and food i n t a k e ' ) . 
Graphs 1 and 2 form an S-shaped curve, the c h a r a c t e r i s t i c 
shape o f l o g i s t i c gro'vvth curves. A p roper ty o f steady geometric 
increase i n weight i s t h a t i t w i l l generate a s t r a i g h t l i n e 
when the mean weights are graphed on a, l o g a r i t h m i c scale -
Graphs 3 v^nd 4 . Graph 3 shows a l i n e a r r e l a t i o n s h i p between 
the l o g a r i t h m o f the l a r v a l mean iveights and t h e i r age except 
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The mean v;eiqhts (mq) o f l a rvae o f Pier i s brassicae 
f eed ing on d i f f e r e n t members o f the Cruc i f e r ae 
:able 1 
at IQOC, (Standard dev ia t ions and sample s ize 
shown). 
i Age 
! (days) Cabbage 
Bras s i ca 
rap a 
Barbarea 
v u l q a r i s 
A l i i a r i a 
p e t i o l a t a 
Hesperis 
mat rona l i s 
13 M=25.01 














15 i M=30.11 j 
SD= 7.71 1 
n=15 I 
M=28.81 
SD= 7.11 j 
n=10 i 
M=28.1 1 
SD= 9.23 1 














SD= 9.23 i 








































































































Key M = mean 
SO = standard d e v i a t i o n 
n = saj iple s ize 
16. 
The ir.eajTL weiqfhts (mg) of l a rvae o f P i e r i s brassicae 
f e e d i n g on d i f f e r e n t Tuecnbers o f the c r u c i f e r a e 





Barbarea Cardar;iine A l l i a r i a 
















































































25 1 M=505.6 
SD= 52.08 













M=480.98 ' M=391.0 j M=511.58 
SD= 43.14 1 SD=153.0 i SD= 24.51 
n= 7 : n= 6 | n= 14 
Key M = mean 
SD = Standard devi ; 
n = Kample s i^e 
t i o n 
17. 
at the extremes o f the p l o t , vmen the l a rvae are f i r s t 
i n t roduced to the new p l a n t s , and vjhen the l a rvae are mature 
and prepar ing f o r pupa t ion . Graph 4 , however, shows a 
l i n e a r r e l a t i o n s h i p throughout the experiment; because o f 
the h igher temperature the growth ra tes o f the animals were 
h igher and any delays i n accept ing the new food p lan ts not 
as obvious as they xvere w i t h the animals kept at 10°C. The 
l i n e a r r e l a t i o n s h i p i n d i c a t e s t ha t the la rvae are p u t t i n g on 
weight at a constant r a t e . The value of p l o t t i n g the mean 
weights as logar i thms i s t h a t the l i n e a r regress ion l i n e s can 
be c a l c u l a t e d - Graphs 3 and 4 i n s e t s . The gradients o f these 
regress ion l i n e s are an expression o f the r a t e o f weight gain 
the l a rvae are achieving on the d i f f e r e n t f o o d p l a n t s . By 
c a l c u l a t i n g the s ta j idard d e v i a t i o n of the gradients they can 
be com.pared. I t was found tha t there was no s i g n i f i c a n t 
d i f f e r e n c e betv;een the growth rates as measured by the 
g rad ien t s o f the regress ion l i n e s , i . e . a f t e r the i n i t i a l 
delay i n ea t ing the la rvae do not d i f f e r i n growth ra te 
whatever p l a n t they are feed ing on . This impl i e s that the 
d i f f e r e n c e s i n mean v/eight betv/een animals feed ing on d i f f e r e n t 
f o o d p l a n t s , xvhich are found to occur i f they are compared at 
any p o i n t du r ing the experiment, are due to the i n i t i a l delay 
i n f e e d i n g when f i r s t i n t r oduced to the novel f o o d p l a j i t s at 
10°C. This may also have been the case when the larvae were 
kept at 15°C, however d i f f e r e n c e s i n mean weight d i d not 
appear u n t i l the l a rvae were 15 days o l d , 11 days a f t e r be ing 
g iven new f o o d p l a n t s . The la rvae were very small be fore 11 
days o l d , and had to Vjc handled w i t h great care . I t may be 
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t ha t the method of weighing t h e ' l a r v a e when very young d i d 
not r evea l smal l d i f f e r e n c e s i n i n d i v i d u a l weights . Or • 
perhaps there were d i f f e r e n c e s i n growth ra t e not revealed 
by the above method of ana ly s i s . I n order to i n v e s t i g a t e 
t h i s p o s s i b i l i t y the geometric growth ra tes between each 
weighing date were c a l c u l a t e d . 
The geometric r a t e o f increase i n vreig.ht over any u n i t 
p e r i o d o f t ime i s the v/eight at the end o f tha t pe r iod d i v i d e d 
by the weight at the b e g i n n i n g . The geometric rates o f 
Vv'eight increase betvveen each 'veighing date f o r the groups o f 
l a rvae f eed ing on the d i f f e r e n t c r u c i f e r s were c a l c u l a t e d 
(Table 3 and 4 ) , and the meaiiS of these can be compared using 
Students* t - t e s t s . The geometric growth ra tes show some 
v a r i a t i o n which can be a t t r i b u t e d to i n d i v i d u a l v a r i a b i l i t y ; 
the cessa t ion i n feed ing when the animals are m o u l t i n g , the 
t ime o f wliich v a r i e d f rom i n d i v i d u a l to i n d i v i d u a l , and 
perhaps human e r ro r i n the case o f the animals feeding on 
A l l i a r i a at 10°C (see page 2C ) . No s i g n i f i c a n t d i f f e r e n c e 
was found between the growth ra tes o f the l a rvae . The 
g rea tes t d i f f e r e n c e between the grovvth ra tes o f the larvae 
f eed ing on d i f f e r e n t f o o d p l a n t s was between those on 
Cabbage and those on Cardamine at 15°C. This d i f f e r e n c e 
gave a t value o f 2 , v/hich at 10 degrees of freedom gives 
a p r o b a b i l i t y o f 90% tha t there i s a r e a l d i f f e r e n c e between 
the two growth r a t e s . I t can be seen f rom Table 4 tha t the 
animals f eed ing on Cardamine never achieve the h ighes t growth 
ra tes shown by those f eed ing on Cabbage anti are c o n s i s t e n t l y 
low, and a r e a l d i f f e r e n c e i n growth r a t e may be present . 
19. 
The qeemetric growth rates per day ©f the larvae 
P i e r i s brass icae feeding on d i f ferent 
c r u c i f e r s at IQOC 
Table 3 
Age Foodplant 
(days) B r a s s i c a Barbarea Hesperis A l l i a r i a 
rapa 
13 
0.401 0.424 No growth No growth No growth 
16 
0.663 0.632 0.445 0.537 0.636 
19 
0.544 0.614 0.533 0.642 0.663 
22 
0.525 0.577 0.545 
25 0.453 . 
0.70.7 0.583 0.572 0.233* 
27 
28 0;v788 0.757 0.723 0.765 
0.574 
29 
31 0.444 / 0.468 0.536 0.589 
V 0.618 
32 
0.545 0.525 0.682 0.638 
34 
0.618 0.559 0.428 
36 
37 0.543 0\559 
38 
M=0.573 M=0.604 M=0.576 M=0.601 M=0.584 
SD=0.132 SD=0.105 SD=0.077 SD=0.072 SD=0.093 
n=6 n=7 n=9 n=9 n=5 
*The growth rate of larvae feeding on A l l i a r i a 
between age 22-27 days old has not been included 
i n the ca lcu la t ion of the mean. 
The geometric growth rates per day of larvae of 
P i e r i s brass icae feeding on d i f f erent cruc i f ers 
at I 5 O C 
Table 4 
Age Foodplant 
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0.653 
13 1.076 0^ . 803 0.852 
15 0.591 
16 1.104 0.642 0.627 
18 1.063 





















However, at the 0.055^ .- l e v e l o f p r o b a b i l i t y the two methods 
o f auialysis o f the geometric growth r a t e subs tan t ia te one 
a i i o t h f r , i n showing tha t dur ing the middle grov/th phase the 
l a rvae show no s i g n i f i c a n t d i f f e r e n c e i n growth r a t e . 
Hov/Gver, over the d u r a t i o n of the growth experiment at 
10°C the i n i t i a l delay i n f eed ing by the larvae on c e r t a i n 
f o o d p l a n t s produced s i g n i f i c a n t d i f f e r e n c e s between the meaji 
'.veights o f the animals f eed ing on d i f f e r e n t f o o d p l a n t s . \#ien 
34 days o l d the animals f eed ing on cabbage amd Brassica rapa 
v/cre s i g n i f i c a i ) t l y heavier than those la rvae feed ing on 
A l l i a r i a (P<0.05) , Hesperis (P<0.01) or Barbarea (P<0.001), 
There was no s i g n i f i c j i i i t d i f f e r e n c e hetvjeen the mean weights 
o f the animals feed ing on the l a t t e r th ree w i l d p l a n t s . However 
on s tudy ing Graph 3 i t can be seen ths^t between the age o f 22 
days to t h a t o f 28 days there v/as a drop i n grov/th ra te of 
the l a r v a e f eed ing on A l l i a r i a , i n comparison w i t h the weight 
gains both be fo re and a f t e r t h i s p e r i o d . I t i s thought t h a t 
t h i s might be due to an e r r o r i n the feed ing regime, i . e . 
t ha t the animals were l e f t w i thou t f o o d f o r some time dur ing 
t h i s p e r i o d . Had t h i s not been so, the meaai weight of the 
l a rvae f eed ing on A l l i a r i a may w e l l have remained s i g n i f i c a n t l y 
grea ter than those on Hesperis and Barbarea, as i t was be fo re 
the aber rent drop i n growth r a t e . 
Graph 4 shov/s the r e l a t i v e mean v/eight gain (expressed 
as l o g a r i t h m s ) o f the l a rvae o f P i e r i s brassicae when f eed ing 
on d i f f e r e n t c r u c i f e r s at 15°C, and these mean iveights are 
l i s t e d i n Table 2 . A s i m i l a r s i t u a t i o n as shovm i n Graph 3 
i s apparent w i t h the l a rvae shovving b e t t e r growth on cabbage 
2 1 . 
than on. the i v i l d p laa i ts . At 25 days o l d the mean v/eights o f 
the animals f eed ing on cabbage i s s i g n i f i c a n t l y heavier than 
the mean weights o f the l a rvae feeding on A l l i a r i a (P 0.05) 
Barbarea (P 0.01) and Cardamine (P 0 . 0 0 1 ) . The larvae 
f e e d i n g on A l l i a r i a and Barbarea shov; no s i g n i f i c a n t d i f f e r e n c e 
i n mean weight but both are s i g n i f i c a n t l y heavier than the mean 
weight o f the l a rvae feed ing on Cardainine (P 0 . 0 1 ) . 
From the ' L a r v a l weight gain and food i n t a k e ' experiment 
Table 9 which was conducted at 15°C, weight gains o f the 
l a r v a e feed ing on Brass ica rapa, and Hesperis , are comparable 
w i t h those o f l a rvae ( i n i t i a l l y of the same mean weight) 
f e e d i n g on Cabbage at t h i s teraperature. Larvae feed ing on 
D. r apa showed no s i g n i f icivnt d i f f e r e n c e i n weight f rom those 
on Cabbage. However the l a rvae given Hesperis d i d not eat f o r 
the f i r s t two days then f e d and gained weigh t . 
The r e s u l t s shown i n Graphs 1 and 3 and those f rom the 
' l a r v a l weight g a i n ' experiment show t h a t although the growth 
ra tes o f l a rvae of P i e r i s brassicae t ha t the d i f f e r e n t f o o d -
p l a n t s w i l l suppor t , are not s i g n i f i c a n t l y d i f f e r e n t , a delay 
i n f e e d i n g when presented w i t h some of the w i l d p l a n t s produces 
d i f f e r e n c e s i n me^ m weights dur ing the experiment. The delay 
i s l e s s obvious at 15°C. At both temperatures there i s a l ag in 
v/eight ga in by the l a rvae feeding on A l l i a r i a . Barbarea, 
Hesperis and Cardamine v/hen compared w i t h l a r v a l weight gain 
on cabbage and Brass ica rapa. From the magnitude o f l ag in 
weight ga in behind t h a t achieved on cabbage an order o f 
s u i t a b i l i t y of the c r u c i f e r s as l a r v a l foodplan t s can at 
t h i s sta.ge be t e n t a t i v e l y proposed as:-
1. cabbage and Brass ica rapa 
2 . A l l i a r i a 
3. Barbarea and Hesperis 
4. Cardamine 
S u r v i v a l 
Graphs 5 and 6 ( p l o t t e d as logar i thms) and Tables 5 and 
6 show the percentage s u r v i v a l o f the' l a rvae on the d i f f e r e n t 
c r u c i f e r s at lO^C £ind 15°C r e s p e c t i v e l y . S u r v i v a l i s i n 
general b e t t e r at the h igher temperature on any s p e c i f i c f o o d -
p l a n t . I t may be t ha t the lovjer temperature puts the larvae 
under some degree o f p h y s i o l o g i c a l s t r e s s , under v;hich they 
have l ess a b i l i t y to overcome disease. A l l i a r i a p e t i o l a t a 
supports the h ighes t percentage s u r v i v a l of la rvae at both 
temperatures . Hov;ever cabbage which would be expected to 
support good s u r v i v a l o f l a r v a e , and does so at 15°C, shows 
very poor s u r v i v a l at 10°C, lower than a l l the other c r u c i f e r s , 
Due to t h i s . incons is tency by the l a rvae feed ing on cabbage the 
s u r v i v a l graphs do not g ive any conc lus ive evidence v/ i th 
r egard to the s u i t a b i l i t y o f the c r u c i f e r s as foodplan ts f o r 
P i e r i s brass icae l a r v a e . But again A l l i a r i a appears to be a 
b e t t e r f o o d p l a n t than Hesper is , Barbarea or Cardamine i n terms 
of l a r v a l s u r v i v a l . 
From the l o g a r i t h m i c p l o t s (Graph 5 and 6 ) , i t can be 
seen t h a t there i s some evidence o f a l i n e a r r e l a t i o n s h i p 
between percentage s u r v i v a l and l a r v a l age, which i nd i ca t e s 
a constant death r a t e throughout the experiment. For those 
batches o f l a rvae which d i d seem to d ie at a constant r a t e , 
the m o r t a l i t y r a t e per u n i t t ime can be calcvi la ted and the 
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The s u r v i v a l o f F i e r i s b r a s s i c a e l a r v a e f e e d i n g on 
d i f f e r e n t c r u c i f e r s a t 1 5 ° C , shotvn as a p e r c e n t a g e 
T a b l e 5a 
Age 
( d a y s ) c a b b a g e B a r b a r e a C a r d a i n i n e A l l i a r i a 
6 100 100 100 
9 100 88 100 
1 1 100 88 96 
13 100 100 
15 100 68 68 
16 100 100 
18 100 &0 68 
19 100 94 
2 1 100 60 68 
22 100 56 62 9 4 
25 100 52 48 94 
28 76 52 48 9 4 
The s u r v i v a l o f P i e r i s b r a s s i c a e l a r v a e f e e d i n g on 
d i f f e r e n t c r u c i f e r s a t 1 0 ° C , shown as a p e r c e n t a g e 
T a b l e 5b 
c a b b a g e B r a s s i c a A l l i a r i a B a r b a r ea H e s p e r i s 
13 100 100 100 100 100 
16 . 100 100 9 4 100 70 
19 100 90 9 4 80 70 
22 93 90 ^88 80 70 
25 80 
27 60 80 60 70 
28 40 70 88 40 70 
3 1 83 70 
40 27 60 72 40 50 
24-. 
The m o r t a l i t y r a t e o f l a r v a e o f P i p r i s hrp.ssT ^.,-^<= 
\vhen f e e d i n g on d i f f e r e n t c r u c i f e r s a t I 5 0 C 
T a b l e 6a 
C r u c i f e r P r o p o r t i o n o f a n i m a l s D e a t h r a t e / 1 0 days 
v^h ich d i e d i n 28 days 
B a r b a r e a 0 . 7 2 . 0 . 9 0 7 9 
C a r d a m i n e 0 . 7 6 0 . 9 2 2 5 
A l l i a r i a 0 . 1 8 0 . 6 0 3 9 
T h e m o r t a . l i t y r a t e o f l a r v a e o f F i e r i s h r a s s i c a e 
'vvhen f e e d i n g o n d i f f e r e n t c r u c i f e r s a t 1 0 ° C 
T a b l e 6b 
C r u c i f e r 
B r as s i c a r a p a 
B a r b a r e a 
A l l i a r i a 
H e s p e r i s 
P r o p o r t i o n o f a n i m a l s 
w h i c h d i e d i n 34 d;ivs 
0 . 3 
0 . 6 
0 . 1 6 7 
, 0 . 5 
D e a t h r a t e / 
10 days 
0 . 7 0 1 8 
0 . 8 6 0 5 
0 . 5 9 0 7 
0 . 8 1 5 6 
9 c; 
a r e l a t i v e l y l o v / m o r t a l i t y r a t e c o m p a r e d v / i t h t h e o t h e r 
f o o d p l a n t s a t e a c h t e m p e r a t u r e . 
P u p a l w e i g h t s 
T a b l e s 7 a n d 3 l i s t t h e p u p a l w e i g h t s o f t h e l a r v a e f e d 
on t h e d i f f e r e n t c r u c i f e r s a t 1 0 ° C and 1 5 ° C r e s p e c t i v e l y . 
A t 1 0 ° C t h e r e i s no s i g n i f i c a i i t d i f f e r e n c e b e t i v e e n t h e meain 
p u p a l i v e i g h t s o f t h e l a r v a e v / h i c h h a d b e e n f e e d i n g on 
c a b b a g e , B r a s s i c a r a p a , A l l i a r i a o r H e s p e r i s b u t a l l a r e 
s i g n i f i c a n t l y h e a v i e r t h a n t h e mean p u p a l w e i g h t o f t h e 
a n i m a l s w h i c h h a d b e e n f e e d i n g on B a r b a r e a . These a n i m a l s 
s'novved a r e d u c t i o n i n 'mean p u p a l i v e i g h t o f 30% compared w i t h 
t h o s e f e e d i n g on c a b b a g e . 
A t 1 5 ° C p u p a l w e i g h t s o n A l l i a r i a a r e s i g n i f i c a n t l y 
h e a v i e r t h a n t h o s e w h i c h had, f e d o n c a b b a g e ( P < 0 . 0 5 ) a 4?^  
r e l a t i v e d e c r e a s e i n w e i g h t , and a r e h e a v i e r t h a n t h o s e 
ani ra .a ls w h i c h h a d b e e n f e e d i n g on B a r b a x e a ( P < 0 . 0 0 1 ) a 10% 
r e l a t i v e d e c r e a s e i n w e i g h t . 
P u p a l , w e i g h t i s j j o s i t i v e l y c o r r e l a t e d w i t h s i z e o f t h e 
a d u l t , a n d i n t h e f e m a l e s vii.th t h e number o f eggs she c a r r i e s , 
t h u s i n f l u e n c i n g h e r f e r t i l i t y . A r e d u c t i o n i n w e i g h t o f 30% 
a n d lOS'iS as shown b y t h e a n i m a l s w h i c h b a d f e d on B a r b a r e a 
c o m p a r e d w i t h t h o s e f e e d i n g o n t h e p l a n t s w h i c h s u p p o r t e d 
g r e a t e s t p u p a l w e i g h t , may w e l l r e p r e s e n t a s i g n i f i c a n t 
r e d u c t i o n i n f e r t i l i t y i n t h e a d u l t f e m a l e s r e a r e d on B a r b a r e a . . 
T h u s B a r b a r e a a g a i n a p p e a r s l o v ; i n t h e h i e r a c h y o f s u i t a b i l i t y 
as a f o o d p l a n t f o r l a r v a e o f P i e r i s b r a s s i c a e . 
2 6 . 
D e v e l o p m e n t T i m e s 
The a n i i u a l s f e e d i n g on c a b b a g e a n d B r a s s i c a r a n a d e v e l o p 
t o p u p a t i o n f a s t e r t h a n t h e l a r v a e f e e d i n g o n t h e o t h e r p l a n t s 
a t 1 0 ° C , shown i n T a b l e 7 . T h i s i s c o n s i s t e n t w i t h t h e 
f a s t e r l a r v a l g r o i v t h on t h e s e t w o p l a n t s , i . e . t h e e n i n a l s 
may h a v e t o r e a c h a c e r t a i n s t a g e o f d e v e l o p m e n t b e f o r e t h e y 
c a n p u p a t e a n d w h e r e t h e r e i s a t i m e l a g ' i n t h i s d e v e l o p m e n t 
as e x p r e s s e d as w e i g h t g a i n , t h i s i s f o l l o v / e d b y a d e l a y e d 
p u p a t i o n r e l a t i v e t o t h o s e a n i m a l s v . 'h ich d i d n o t d e l a y i n 
f e e d i n g . H o w e v e r some a n i m a l s o n B a r b a r e a and H e s p e r i s 
shiow a d e l a y i n p u p a t i o n much l o n g e r t h a n t h e t h r e e o r so 
d a y s w h i c h t h e y d e l a y e d i n f e e d i n g . A t 1 5 ° C , T a b l e 8 
t h e l a r v a e ivh . ich h a d f e d o n c a b b a g e a n d A l l i a r i a h a v e t h e 
S£une d e v e l o p m e n t t i m e , b o t h f a s t e r t h a n t h e a n i m a l s w h i c h 
h a d f e d o n B a r b a r e a . 
A d e l a y e d p u p a t i o n a n d p r o l o n g e d d e v e l o p m e n t t i m e may 
be u n f a v o u r a b l e f o r a c a . t G r p i l l a r , e s p e c i a l l y i n t h e l a t e r 
s t a g e s o f d e v e l o p m e n t , When a p p r o a c h i n g p u p j a t i o n t h e 
c a t e r p i l l a r s a r e r e l a t i v e l y l a . r g e , and a t t h e i r mos t v i s i b l e , 
t h e y a r e a l s o v e r y s l u g g i s h b e c o m i n g s t i l l b e f o r e s p i n n i n g 
t h e t h r e a d s w h i c h a t t a c h t h e l a r v a e t o a s o l i d s u b s t r a t e . 
D u r i n g t h i s p - ^ r i o d t h e y c a n o f f e r l i t t l e r e s i s t a n c e t o w ( i u l d 
b e p a r a s i t e s o r p r e d a t o r s . A f o o d p l a n t w h i c h s u p p o r t s r a p i d 
l a r v a l d e v e l o p m e n t g i v e s ej\ B X i i m a l an i n c r e a s e d c h a n c e o f 
S u r v i v a l , o v e r one w h i c h a l l o w s o n l y slovj d e v e l o p m e n t . 
A d e l a y i n p u p a t i o n a p p e a r s t o be n e g a t i v e l y c o r r e l a t e d 
v j i t h p u p a l w e i g h t . H o w e v e r t h i s a s s e r t i o n mus t be t r e a t e d 
w i t h C c i u t i c n as ' t h e sar : iplc s i ; ; c s h e r e a r e s m a l l a n d do n o t g i v e 
The p u p a l w e i g h t s and d e v e l o p m e n t t i m e s o f t h e 
l a r v a e o f P i e r i s b r a s s i c a e r e a r e d on d i f f e r e n t 
C r u c i f e r s a t l O ^ C 
T a b l e 7 
A l l i a r i a 
p e t i o l a t a Cabbage 
B r a s s i c a 
r a u a 
. B a r b a r e a 
v u l g a r i s 
H e s p e r i s 
mat ron5>l i s 
' h e i g h t (mg) 
M = 3 9 6 . 7 
SD= 3 2 . 0 
n= 13 
D e v e l o p m e n t 
W e i g h t 
M = 4 2 2 . 4 
SD= 2 4 . 0 
n= 4 
D e v e l o p m e n t 
W e i g h t 'Weigh t W e i g h t 
r- ' :=422.44 
SD= 2 4 . 0 
n= 6 
D e v e l o p m e n t 
M = 2 9 8 . 4 5 
SD= 3 3 . 2 1 
n= 4 
Deve lopm.en t 
M = 4 0 1 . 0 
SD= 3 2 . 6 5 
n= 5 
D e v e l o p m e n t 
T i m e Tim.e T i m e T i m e 
4 6 - 4 9 4 1 - 4 4 4 1 - 4 4 4 4 - 5 2 4 1 - 5 2 
d a y s d a y s d a y s days d a y s 
T h e p u p a l w e i g h t s and d e v e l o p m e n t t i m e s o f t h e 
l a r v a e n f P i e r i s b r a s s i c a e r e a r e d o n d i f f e r e n t 
C r u c i f e r s a t 1 5 ° C 
T a b l e 8 
Cabbage 
VJe igh t 
M = 4 2 2 . 6 4 
SD= 1 8 . 8 7 
n= 17 
D e v e l o p m e n t 
T i m e 
3 1 - 3 3 
d a y s 
A l l i c j r i a 
VJe iqh t 
11=439.69 
SD= 2 6 . 1 8 
n= 16 
D e v e l o p m e n t 
T i m e 
3 1 - 3 2 
d a y s 
B a r b a r e a 
• v.* D e v e l o p m e n t 
M = 3 9 5 . 8 9 
SD= 2 1 . 9 7 
n= 7 
3 3 - 3 6 
d a y s 
!9 . 
s t a t i s t i c a l l y s i g n i f i c a n t c o r r e l a t i o n s . Thus a n i n a l s 
f e e d i n g o n B a r b a r e a a r e d o u b l y h a i i d i c a p p e d b y a s l o w 
d e v e l o p m e n t when v u n e r a b l e t o d a n g e r , a n d s r a a l l p u p a l w e i g h t s 
p r o d u c i n g s m a l l a d u - l t s w i t h r e l a t i v e l y r e d u c e d f e m a l e 
f e r t i l i t j ^ . 
A t e n t a t i v e e x p l a n a t i o n f o r t h e c o r r e l a t i o n b e t w e e n 
d e l a y e d p u p a t i o n a n d p u p a l x ; e i g h t c o u l d be t h a t d u r i n g t h e 
g r o w t h o f a l a r v a , w e i g h t g a i n , a n d h o r m o n a l o r o t h e r 
p h y s i o l o g i c a l d e v e l o p m e n t p r o c e ^ l t o g e t h e r , b u t t h a t a n y i\J 
d e l a y i n f e e d i n g r e t a r d s v : e i g h t g a i n t o a g r e a t e r e x t e n t 
t h a n t h e p h y s i o l o g i c a l d e v e l o p m e n t . Thus t h e a n i m a l s r e a c h 
a r e a d i n e s s f o r p u p , ' a t i o n a l o v ; e r u ' e i g h t . T h i s may b e 
t h e c a s e -v /here p u p a t i o n i s d e l a y e d b y t h e same p e r i o d o f 
t i m e f e e d i n g was d e l a y e d . V\,!here, h o w e v e r , t h e r e was a 
l o n g e r d e l a y , t h e f o o d p l a n t s , i . e . B a r b a r e a and H e s p e r i s . 
may b e r e t a r d i n g d e v e l o p m e n t and p r e p a r a t i o n f o r m e t a m o r p h o s i s 
i t s e l f . 
T h e l a r v a l w e i g h t g a i n and f o o d i n t c J ^ e o f F i e r i s b r a s s i c a e 
l a r v a e 
I n T a b l e s 9 and 1 0 , t h e d r y w e i g h t o f p l a n t f o o d e a t e n 
by ci.n i n d i v i d u a l l a r v a o v e r t h e p e r i o d i n d i c a . t e d i s r e c o r d e d 
n e x t t o t h e w e i g h t g r . i n e d b y t l i a t l a r v a o v e r t h e same p e r i o d . 
T h e f r a s s p r o d u c e d '.Vc.s n o t c o l l e c t e d and w e i g h e d b e c a u s e i n 
Tiiany c a s e s t h e a n i m a l s f e e d i n g o n t h e w i l d p l a n t s p r o d u c e d 
l o o s e w a t e r y f a e c e s v /h ich became s m e a r e d o v e r t h e s i d e s o f 
t h e d i s h e s , t h u s b e i n g i m p o s s i b l e t o a d e q u a t e l y c o l l e c t . 
( I t i s o f i n t e r e s t t h a t t h i s was e s p e c i a l l y so when t h e 
a n i m a l s w e r e f e e d i n g o n C a r d a n i n e p r a t e n s i s ( l a r v a l g r o w t h 
e x p e r i m e n t a t 1 5 ° C ) v/here g r o w t h r a t e was t h e l o w e s t r e c o r d e d . 
I t may b e t h a t t h e s t a t e , o f t h e f r a s s g i v e s zjn i n d i c a t i o n o f 
t h e s u i t a b i l i t y o f t h e p l a n t ^s l a r v a l f o o d . 
C o m p a r i n g t h e l a r v a l w e i g h t g a i n a n d f o o d i n t a l c e b e t w e e n 
t h e 7 a n d 9 J u l y and. t h e 9 and 1 1 J u l y f o r e a c h p l s i n t , i t c a n 
be seen t h a t t h e . l a r v a e f e e d i n g on A l l i a r i a , H e s p e r i s a n d B a r b a r e a 
b e t w e e n 7 and 9 J u l y g a i n e d l i t t l e o r n o w e i g h t . As h a d a l s o 
h a p p e n e d when t h e l a r v a e w e r e f i r s t i n t r o d u c e d t o t h o s e t h r e e 
c r u c i f e r s i n t h e 1 0 ° C l a r v a l g r o v r t h e x p e r i m e n t ( T a b l e 1 ) . By 
r e c o r d i n g t h e w e i g h t g a i n n e x t t o f o o d i n t a k e i t c a n be s een 
t h a t t h e l o v ; i v e i g h t g a i n s can b e a c c o u n t e d f o r b y l o w f o o d 
i n t a k e o v e r t h i s p e r i o d , r a t h e r them a n y i n t e r n a l p h y s i o l o g i c a l 
i n a b i l i t y t o d i g e s t and u t i l i z e t h e p l a n t m a t t e r . The 
a s t e r i s k s ( * ) i n d i c a t e t h a t a l a r v a h a s m o u l t e d d u r i n g t h a t 
p e r i o d a n d t h i s w i l l c a u s e a p a u s e i n c o n s u m p t i o n . Many o f 
t h e a n i m a l s m o u l t e d d u r i n g 7 - 9 J u l y , hov/ever t h i s a l o n e c a n n o t 
a c c o u n t f o r t h e l o w w e i g h t g a i n , as f o u r o u t o f f i v e o f t h e 
The w e i g h t g a i n a n d f o o d i n t a k e o f l a r v a e 
o f P i e r i s b r a s s-irr.P ^ p o d i n n . o n d i f f e r e n t 
c r u c i f e r s a t 1 5 ° C 
T a b l e 9 
2 3 - 2 6 J u n e 26 - 2 9 J u n e 
i 'up.ount e a t e n V / e i g h t g a i n A m o u n t e a t e r I v v ' e i g h t o a i n d r y w e t 
d r y w t . (mg) w e t w t . (mg) d r y v / t . (mg) vvet v / t . (mg) w e i g h t : w e i g h t 
e a t e n g.m'n 
Cabbage r a t i o 
1 7 . 0 2 2 . 2 2 2 . 1 6 3 . 7 2 . 1 9 7 
1 5 . 8 2 1 . 2 2 7 . 6 6 6 . 3 2 . 0 1 6 
1 7 . 5 2 3 . 2 . 1 8 . 6 2 3 . 7 1 .299 
1 3 . 2 2 2 . 2 2 9 . 0 
1 2 . 9 
6 1 . 9 
4 4 . 9 
1 . 9 9 3 
B a r b a r e a v u l c a r i s 
1 1 . 8 2 1 . 7 4 6 . 5 4 6 . 9 1 . 1 7 7 
8 . 8 2 0 . 1 5 4 . 5 5 2 . 2 1 . 1 4 2 
o o -J . o 1 7 . 7 2 8 . 2 3 7 . 7 1 . 7 3 1 
9 . 2 2 6 . 2 4 6 . 7 4 8 . 5 1 . 3 3 6 
3 1 . 
T h e v / e i g h t g a i n a n d f o o d i n t a k e o f l a r v a e o f P i e r i s 
b r a s s i c a e f e e d i n g o n d i f f e r e n t c r u c i f e r s a t 15°C 
T a b l e 10 
7 - 9 J u l y 9 - 1 1 J u l y 7 - 1 1 J u l y 
A m o u n t e a t e n W e i g h t g a i n Amount e a t e n W e i g h t g a i n Araount : W e i g h t 
d r y w t . (mg) w e t w t . (mg) d r y w t . (mg) w e t w t . (mg) e a t e n g a i n 
Cabbage 
3 0 . 0 1 1 0 . 1 1 2 2 . 0 1 5 4 . 6 1 : 1 . 7 4 1 
3 5 . 1 6 0 . 2 * 1 0 0 . 0 1 2 0 . 0 1 : 1 . 3 3 4 
4 4 . 9 8 9 . 1 * 1 1 7 . 2 1 6 5 . 9 1 : 1 . 5 2 6 
5 4 . 1 3 7 . 0 * 1 0 1 . 7 1 8 9 . 8 1 : 1 . 3 2 7 
2 5 . 4 6 7 . 1 * 1 1 7 . 4 2 0 6 . 0 1 : 1 . 9 1 8 
B r a s s i c a r a p 
2 7 . 0 8 5 . 3 10 3 . 0 1 5 3 . 3 1 : 1 . 8 3 5 
3 9 . 1 5 6 . 2 9 6 . 4 1 3 4 . 4 1 : 1 . 4 0 7 
2 1 . 2 3 5 . 0 9 5 . 1 1 6 4 . 4 1 : 1 . 7 1 5 
2 2 . 6 • 2 1 . 8 6 5 . 0 1 4 4 . 1 1 : 1 . 8 9 4 
2 3 . 0 4 7 . 3 1 0 8 . 4 1 5 5 . 2 1 : 1 . 5 4 1 
E a r b a r e a vi.i 1 g a r i s 9 - 1 1 J u l y 
5 . 4 l o s s * 4 9 . 5 7 6 . 0 l ; 1 . 5 3 5 
i 
3 . 4 l o s s * 5 9 . 1 1 0 1 . 5 1 : 1 . 7 1 7 
3 0 . 2 3 2 . 0 0 l o s s 
1 1 . 3 3 . 2 * 7 9 . 7 1 1 3 . 0 1 : 1 . 4 1 8 
1 6 , 2 1 2 . 1 * 8 1 . 8 1 1 0 . 5 1 : 1 . 3 5 1 
A l l i a r i a p e t i o l a t a 
0 l o s s * 4 6 . 0 1 2 8 . 5 
2 3 . 0 33,4 Dead 
3 . 8 l o s s 6 5 . 2 • 1 1 4 . 3 
7 2 , 0 1 3 3 . 0 
2 7 . 8 1 7 . 6 2 1 . 5 7 0 . 7 
H e s p e r i s m a t r o n a i l i s 9 - 1 1 J u l y 
1 7 . 6 1 .5 * 1 2 6 . 0 7 3 . 4 
1 0 . 3 2 2 . 2 * . 8 8 . 4 1 4 0 . 4 1 : 1 . 5 8 8 
1 1 . 1 0 . 3 * 4 7 . 8 7 5 . 8 1 : 1 . 5 8 6 
2 2 . 4 7 . 0 1 8 . 4 1 7 . 4 
2 8 . 5 5 4 . 0 
* A n i m a l m o u l t e d " d a r i n g t h i s p e r i o d 
c a t e r p i l l a r s o n c a b b a g e a l s o m o u l t e d b u t s t i l l g a i n e d a 
s u b s t a n t i a l ai: iount o f v / e i g h t . The r e l u c t a n c e t o e a t may be 
r e g a r d e d as t h e r e a s o n f o r t h e l o i v v / e i g h t g a i n s on c e r t a i n 
c r u c i f e r o u s f o o d p l a j i t s . T h i s r e l u c t a n c e w a s , h o w e v e r , o n l y 
e v i d e n t d u r i n g t h e f i r s t p e r i o d , p e r h a p s i t i s i n c r e a . s e d 
h u n g e r w h i c h f i n a l l y makes t h e l a r v a e o v e r c o m e t h e i r d i s t a s t e 
f o r t h e new f o o d p l a n t , o r s h a r p e n s t h e i r r e s p o n s e t o i t s 
n o v e l a n d / o r wealcer f e e d i n g s t i m u l u s . 
A l t h o u g h t h e seimple s i z e s i n t h i s e x p e r i m e n t a r e s m a l l , 
t h e d a t a p r o d u c e d r.;ay b e u s e d t o e r i i phas i ze t h e f i n d i n g s o f 
t h e f i r s t cxr>er i m e n t : - ' L a r v a l g r o w t h ' a t 1 0 ° C . I f . t h e 
c a t e r p i l l a r s a r e o f c o m p a r a b l e s t a r t i n g w e i g h t and h a v e b e e n 
i n t h e p r e s e n c e o f t h e " n e w " p l a n t f o r a t l e a s t . t h r e e d a y s 
t h e y show no s i g n i f i c a n t d i f f e r e n c e i n g r o v / t h r a t e w h a t e v e r 
t h e f o o d p l a n t . B u t c o n s u m p t i o n i s d e l a y e d when t h e a n i m a l s 
a r e f i r s t i n t r o d u c e d t o A l l i a r i a , B a r b a r e a o r H e s p e r i s . • 
On t h e r i g h t h a n d s i d e o f T a b l e s 9 a n d 1 0 , t h e r a t i o s o f 
t h e d r y w e i g h t o f f o o d p l a n t e a t e n t o t h e w e t w e i g h t g a i n by 
t h e i n d i v i d u a l l a r v a i s r e c o r d e d , f o r p e r i o d s when t h e l a j r v a e 
w e r e e a t i n g . The mear^s o f t h e s e r a t i o s v/ere c a l c u l a t e d and 
c o m p a r e d . 
T h e r e s u l t s f r o m t h e J u n e e x p e r i m e n t , w h e r e cabbage and 
B a r b a r e a w e r e t h e o n l y c r u c i f e r s u s e d , show t h a t t h e a n i m a l s 
f e e d i n g on c a b b a g e p u t o n a g r e a t e r w e t w e i g h t g a i n p e r u n i t 
i 
d r y v / e i g h t o f p l a n t m a t e r i a l t h a n do t h e a n i m a l s f e e d i n g o n 
B a r b a r e a . H o w e v e r , , t h e s t a n d a r d d e v i a t i o n s a r e h i g h a n d t h e 
d i f f e r e n c e b e t w e e n t h e m.eans g i v e s a t v a l u e o f 2 , 3 0 4 w h i c h 
a t 6 d e g r e e s o f f reedom^ g i v e s a p r o b a b i l i t y o f 90% t h a t t h e 
•3^ 
d i f f e r e n c e b e t w e e n t h e means i s n o t d u e t o c h a n c e . The 
r e s u l t s f r o m t h e J u l y e x p e r i m e n t show no s t a t i s t i c a l l y 
s i g n i f i c a n t d i f f e r e n c e s f o r t h e r a t i o o f f o o d e a t e n t o 
v / e i g h t g a i n b e t w e e n t h e l a r v a e f e e d i n g o n d i f f e r e n t c r u c i f e r s . 
I n d i c a t i n g t h a t t h e c r u c i f e r s u s e d i n t h i s e x p e r i m e n t show no 
d i f f e r e n c e i n d i g e s t i b i l i t y a n d u s e f u l n e s s i n t e r m s o f w e i g h t 
g a i n b y t h e l < i r v a e . H o w e v e r , t h e s a m p l e sizes a r e s m a l l , a n d 
d i f f e r e n c e s may hz^ve been r e v e a l e d b y w o r k i n g w i t h l a i r g e r 
s a r i i p l e s . 
T h e f o o d p r e f e r e n c e s o f P i e r i s b r a s s i c a e l a r v a e 
T a b l e 1 1 r e c o r d s how much a l a r v a o f P . b r a s s i c a e a t e 
o f e a c h f o o d p l a n t when p l a c e d i n a p e t r i d i s h i v i t h t h e l e a v e s 
o £ f i v e c r u c i f e r s : c a b b a g e , A l l i a o r i a , H e s p e r i s , B a r b a r e a a n d 
B r a s s i c a r a p a . From, t h e s e r e s u l t s i t c a n b e seen w h i c h 
c r u c i f e r s w e r e p r e f e r r e d b y i n d i v i d u a l l a r v a e . By c o m b i n i n g 
a l l t h e r e s u l t s f r o m t h e 18 s e p a r a t e t r i a l s , T a b l e 1 2 , a n d 
s c o r i n g t h e d a t a as showi i b e l o v / t h a t t a b l e , t h e r e l a t i v e 
p o p u l a r i t y o f t h e f o o d p l a n t s can be f o u n d . The c r u c i f e r s 
a r e p r e f e r r e d ( i n t e r m s o f ai^iount e a t e n ) b y t h e l a r v a e o f 
P i e r i s b r a s s i c a e i n t h e o r d e r : - c a b b a g e , A l l i a r i a , H e s p e r i s , 
B r a s s i c a r a p a , and B a r b a r e a . An o r d e r r e f l e c t e d i n t h e f i r s t 
c h o i c e p r e f e r e n c e s o f t h e l a r v a e . 
Cabbage i s b y fax t h e m o s t f r e q u e n t l y e a t e n f o o d , n e v e r 
b e i n g t o t a l l y i g n o r e d , t h i s i s t h e f o o d p l a n t on w h i c h t h e 
l a r v a e w e r e f e e d i n g p r i o r t o t h e e x p e r i m e n t . B u t i f , a t t h e 
s t a r t o f t h e e x p e r i m e n t , l a r v a e w e r e m e r e l y c h o o s i n g f o o d -
p l a j i t s w i t h a. f a m i l i a r t a s t e ( i . e . m u s t a r d o i l p r o f i l e ) , i t 
w o u l d b e e x p e c t e d t h a t B r a s s i c a r a p a ( o f t h e same genus as 
c a b b a g e ) w o u l d b e e a t e n m o r e o f t e n , t h a n i t w a s . H o w e v e r , 
H e s p e r i s and A l l i a r i a i v e r e c h o s e n as o f t e n , i f n o t more 
f r e q u e n t l y t h a n S r a s s i c a r a p a . The l a r v a e do seem t o shov.' 
an a v e r s i o n t o B a r b a r e a v u l g a r i s a n d i t s c o r e s a r e l a t i v e l y 
l o w m a r k c o m p a r e d v / i t h t h e o t h e r p l a n t s , a n d i s v e r y o f t e n 
n o t t o u c h e d b y t h e l a r v a e a t a l l . T h i s i s a l s o t h e c a s e w i t h 
A r t o q e i a n a p i l a r v a e , when g i v e n a c h o i c e t h e y o f t e n do n o t 
e a t B a r b a r e a v u l g a r i s l e a v e s . , 
C o n s i d e r i n g i n d i v i d u a l l a r v a e t h e r e i s a t e n d e n c y f o r 
^ The o r d e r o f p r e f e r e n c e o f P i e r i s b ra s .q i r . ; . ^ i ^ r , . ^ ^ 
f o r c r u c i f e r s as f o o d , m e a s u r e d a.g t h e r e l a t i v e 
w e i g h t o f each f o o d p l a n t e a t e n 
T a b l e 1 1 
D a t e 7 - 9 J u l y 9 - 1 1 J u l y 
L a r v a 
O r d e r o f f o o d 
p r e f e r e n c e 
A m o u n t e a t e n (mgj 
Cab Ap B r Hm Bv 
35 15 12 0 
B r Cab Ap Hm Bv 
20 19 18 16 0 
1 1 - 1 4 J u l y 
Cab Hm Ap B r Bv 
135 66 59 40 16 
L a r v a 
F o o d p r e f e r e n c e 
A m o u n t e a t e n 
Ap Hm B r Cab Bv 
27 17 1 4 12 7 
L a r v a 
F o o d p r e f e r e n c e 
i \ m o u n t e a t e n 
Cab B r Bv Hm Ap 
17 O 0 0 0 
Ap Hm Cab B r Bv 
A l l 35 17 0 
b 
Cab Hm Ap B r Bv 
165 106 67 62 8 
Hm Cab B r Ap Bv 
23 20 1 4 O 0 
Cab B r Ap Hm Bv 
154 70 29 0 
L a r v a 
F o o d p r e f e r e n c e 
Araount e a t e n 
L a r v a 
F o o d p r e f e r e n c e 
i \moun t e a t e n 
Cab B r Bv Hm Ap 
17 6 0 0 0 
Cab Ap 3 r + B v 
20 13 0 0 
L a r v a 
Food p r e f e r e n c e 
Amount e a t e n 
Ap B r Cab Hm Bv 
23 20 10 8 8 
Ap Cab B r Hm Bv 
A3L 3 4 2 1 9 0 
Cab+Hm B r Bv Ap 
10 8 0 0 
B r Cab Bv Ap 
22 20 10 6 
L a r v a 
F o o d p r e f e r e n c e 
A m o u n t e a t e n 
:ab Hm Ap B r Bv 
18 15 8 0 0 
Ap Hm Cab Bv B r 
A U 46 6 5 
Ap Cab Km Bv 
A U 155 UO 59 
Cab - Cabbage 
Ap - A l l i a r i a p e t i o l a t a 
B r - B r a s s i c a r a p a 
Hm - H e s p e r i s m a t r o n a l i s 
Bv - B a r b a r e a v u l g a r i s 
A m o u n t e a t e n m e a s u r e d as d r y w e i g h t . 
3 6 . 
T h e o r d e r o f p r e f e r e n c e o f P i e r i s b r a s s i c a e 
l a r v a e f o r c r u c i f e r s as f o o d , c o m b i n i n g 
a l l d a t a f r o m Table H 
T a b l e 12 
P r e f e r e n c e i n 
t e r m s o f 
avmount e a t e n 
Cabbage 
H e s D e r i s 
A l l i a r i a 
B a r b a r e a 
B r a s s i c a r a p a 
1 s t 




2 n d 






3 r d 
C h o i c e 
4 t h 









5 t h 
C h o i c e 
4 
L i t t l e o r 





S c o r i n g t h e d a t a so t h a t •- 1 s t c h o i c e = 5 
2 n d c h o i c e = 4 
3 r d c h o i c e = 3 
4 t h c h o i c e = 2 
5 t h c h o i c e = 1 
S c o r e s : - Cabbage = 83 
A l l i a r i a p e t i o l a t a = 55 
H e s p e r i s M a t r o n a l i s = 49 
B r a s s i c a r a p a = 46 
B a r b a r e a v u l g a r i s = 18 
3 7 . 
a l a r v a t o c h o o s e t h e same f o o d p l a n t s t h r o u g h o u t t h e 
e x p e r i m e n t t h o u g h o v e r t h e t h r e e p e r i o d s t h e r a n g e o f 
c r u c i f e r s e a t e n i s o f t e n i n c r e a s e d . I n o n l y one c a s e was 
o n l y o n e f o o d p l a n t e a t e n ( C J u l y 7 - 9 ) , a l l t h e o t h e r 
l a r v a e s a m p l e d m o r e t h a n o n e p l a n t , i n t h e m a j o r i t y o f 
c a s e s c h a n g i n g p l a n t s b e f o r e t h e y h a d t o t a l l y consumed a 
p a r t i c u l a r p l a n t . 
The v j e i c h t s o f P i e r i s b r a s s i c a e l g . r v a e a t 9 d a v s 
o l d , h a v i n g h a t c h e d o n d i f f e r e n t c r u c i f e r s 
T a b l e 13 
P l a n t 
Mean I V e i g h t S t a n d a r d Sam.ple 
( H g ) d e v i a t i o n . size 
Cabbage 4 . 0 4 0 . 5 3 8 
A l l i a r i a 1 . 9 0 0 . 6 1 8 
B a r b a r e a 0 . 9 4 0 . 1 4 8 
H e s p e r i s 0 . 9 2 0 . 2 3 8 
Eggs o f P i e r i s b r a s s i c a e v/ere h a t c h e d on t h e d i f f e r e n t 
c r u c i f e r s i n o r d e r t o i n t r o d u c e t h e l a r v a e t o t h e w i l d p l a n t s 
as e a r l y i n t h e i r l i f e as p o s s i b l e . A l l t h e a n i m a l s s t a r t e d 
e a t i n g i m i n e d i a t e l y on h a t c h i n g . H o w e v e r , b y o b s e r v a t i o n more 
f r a i . s !.as p r o d u c e d b y t l i e l a r v a e o n c a b b a g e t h a n on t h e o t h e r 
p l a n t s , and t h e a n i m a l s on B a r b a r e a a t e n o t i c e a b l y l e s s theji t h e 
a i - i i m a l s o n cabbage i n t e r n s o f l e a f damage . By 9 d a y s o l d t h e 
h i e r a r c h y o f w e i g h t g a i n e d h a d a l r e a d y b e e n e s t a b l i s h e d a s : -
1 . Cabbage 
2 . A l l i a r i a 
3 . He s p e r i s a n d B a r b a r e a 
and t h e s e d i f f e r e n c e s w e r e s t a t i s t i c a l l y s i g n i f i c a n t (P 0 . 0 0 1 ) . 
The mean w e i g h t s (Mq) o f l a r v a e o f A r t o g e i a 
nav-jj ( t h e u p l a i i d p o p u l a t i o n ) f e e d i n g on 
d i f f e r e n t c r u c i f e r s a t 150C ( s t a n d a r d 
d e v i a t i o u s and sample s i z e s a r e a l s o 
shown). 
T a b l e 14 
Age 






































































Key m = meaji 
SD = Stauidard d e v i a t i o n 
n = sariiple s i z e 
41. 
The g e o m e t r i c growth r a t e s of t h e l a r v a e 
of A r t o a e i a n a p i ( t h e u p l a n d p o p u l a t i o n ) 
f e e d i n g on d i f f e r e n t c r u c i f e r s 
T a b l e 15 
F o o d p l a n t s A l l i a r i a B r a s s i c a B a r b a r s a K e s p e r i s Sisymbrium 
Age ( d a y s ) 
13 
15 0,596 0.562 l o s s 0.658 0.619 
17 0.S46 0.907 0.827 0.649 
20 0.884 0.882 0.815 0.785 
22 0.615 0.596 0.588 0.800 
0.615 
M=0.735 M=0.730 M=0.712 M=0.723 
SD=0.151 3D=0.19 SD=0.127 SD=0.081 
The p u p a l w e i g h t s and development t i m e s o f the 
l a r v a e of A r t o q e i a n a o i ( t h e u p l a n d p o p u l a t i o n ) 
r e a r e d on d i f f e r e n t c r u c i f e r s 
T a b l e 16 
A l l i a r i a B r a s s i c a H e s p e r i s B a r b a r e a 
VJeiqht (mq) Weight Weight Weight 
142.8 143.4 137.8 166.6 
158.5 166.2 178.0 130.8 
144.4 143.6 
Development Development Development Development 
ti m e time time time 
29-30 days 29 days 29 days 29-31 days 
42. 
The •'oupal w e i g h t s and develo'oment times o f 
the l a r v a e o f A r t o q e i a n a p i from the 
Durham p o p u l a t i o n r e a r e d on d i f f e r e n t foods 
The s e a n i m a l s were t h e few s u r v i v o r s o f a d i s e a s e which 
k i l l e d many a n i m a l s i n t h e e a r l i e r b a t c h e s . 
H a t c h e d 20-21 May T a b l e 17 
A l l i a r i a l e a v e s B a r b a r e a l e a v e s A l l i a r i a seedpods 
VJeiqht Development 
(mq) Time 
167.6 28-29 days 
155.7 
. , , Development I T e x ^ Time 
150.4 28 days 
154.2 
. , , Development Weiaht Trr'— • ^ - - T i m e 
178.5 31 days 
H a t c h e d 11 June T a b l e 18 
A l l i a r i a 
VJeight (mg) Development 
time 






Food p r e f e r e n c e s o f A r t o o e i a n a p i l a r v a e 
T a b l e 19 r e c o r d s how much a l a r v a a t e o f each food 
p l a n t , when p l a c e d i n a p e t r i d i s h w i t h l e a v e s o f f i v e 
c r i i c i f e r s : - A l l i a r i a , H e s p e r i s , B a r b a r e a , B r a i - s i c a and 
S i s y m b r i u m . From t h e s e r e s u l t s i t c a n be seen which c r u c i f e r s 
were p r e f e r r e d as f o o d by i n d i v i d u a l l a r v a e . By combining 
a l l t h e r e s u l t s from the 26 s e p a r a t e t r i a l s ( T a b l e 20) and 
t h e n s c o r i n g t h e d a t a as shoivn below t h a t t a b l e , t h e r e l a t i v e 
p o p u l a r i t y o f t h e f o o d p l a n t s can be found. The c r u c i f e r s are 
p r e f e r r e d ( i n terms o f amount consumed), by l a r v a e of 
A r t o g e i a n a p i , i n t h e o r d e r : -
S i s ymbrium, H e s p e r i s , A l l i a r i a , B r a s s i c a arid B a r b a r e a . 
I t i s i n t e r e s t i n g t h a t Sisymbrium and H e s p e r i s are 
p r e f e r r e d to A l l i a r i a on v.'hT.ch t h e l a r v a e were f e e d i n g p r i o r 
to t h e e x p e r i m e n t . I t cannot m e r e l y be t h a t the l a r v a e a r e 
c h o o s i n g f o o d p l a n t s w i t h which t h e y a r e most f a r i i i l i a r , i n 
r 
w h i c h c a s e one ^vould e x p e c t A l l i a r i a to be the p r e f e r r e d 
c h o i c e o f food. As found w i t h P i e r i s b r a s s i c a e l a r v a e , the 
l a r v a e of A.napi a v o i d e a t i n g B a r b a r e a .v/hen g i v e n a c h o i c e . 
C o n s i d e r i n g i n d i v i d u a l l a r v a s t h e r e i s a tendency f o r 
a l a r v a t o choose t h e sarae f o o d p l a n t s throughout the experiment, 
though towards t h e end o f the experiment a wider range of p l a n t s 
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45. 
The o r d e r o f p r e f e r e n c e of A r t o o e i a n a p i l a j v a e 
f o r c r u c i f e r s as food, corobining all the 
d a t a from T a b l e 1 ^ 
T a b l e 20 
P r e f e r e n c e i n 
terms o f 
ejnount e a t e n 
1 s t 
C h o i c e 
2nd 
C h o i c e 
3 r d 
C'.:oice 
/* 
C h o i c e 
5th 
C h o i c e 
L i t t l e 
or 
none 
e a t e n 
A l l i a j : i a 6 3 2 3 11 
H e s p e r i s 6 6 3 9 
S i s y m b r i u m • 12 6 1 1 5 
B r a s s i c a 2 3 4 18 
B a r b a r e a 1 1 1 20 
S c o r i n g t h e d a t a so t h a t - 1 s t c h o i c e = 5 
2nd c h o i c e = 4 
3rd c h o i c e = 3 
4th c h o i c e = 2 
5th c h o i c e = 1 
S c o r e s - Sisymbrium o f f i c i n a l e - 89 
H e s p e r i s T n a " t r o n a l i s = 63 
A l l i a r i a p e t i o l a t a = 56 
B r a s s i c e ^ ra.pa = 34 
B a r b a r e a v u l g a r i s = TO 
DISCUSSION 
Hov a n i t i : ( 1 9 6 9 ) , v/prking with the l a r v a e o f A r t o q e i a 
r a p a e , h a s s a i d t h a t the a b i l i t y of l a r v a e to s u r v i v e on 
d i f f e r e n t f o o d p l a n t s , i s not an a l l or n o t h i n g phenomenon, 
bu t i s b a s e d on the r e l a t i v e a b i l i t y to s u r v i v e , and t h a t 
p l a n t s m.ay be p l a c e d i n o r d e r o f d e s i r a b i l i t y w i t h r e g a r d t o 
t h e a b i l i t y of t h e l a r v a e to s u r v i v e , or to grov/ s a t i s f a c t o r i l y , 
on p l a n t s which they may a c c e p t o n l y r e l u c t a n t l y . T h i s i s 
c e r t a i n l y t r u e of P i e r i s b r a s s i c a e l a r v a e f e e d i n g on d i f f e r e n t 
members of the C r u c i f e r a e p l a n t f a m i l y . The mean w e i g h t s , 
growth c u r v e s , p u p a l w e i g h t s and cJevelopment t i m e s o f the 
l a r v a e t o g e t h e r produce a h i e r a r c h y o f s u i t a b i l i t y : -
a t 10°C a t 15°G 
1, cabbage and B r a s s i c a r a p a cabbage 
2, m i l i a r i a A l l i a r i a and B a r b a r e a 
3, H e s p e r i s Cardamine 
4, B a r b a r e a 
T h e s e h i e r a r c h i e s were not produced j u s t by a d e l a y i n 
e a t i n g n o v e l c r u c i f e r s • b u t a r e s u b s t a n t i a t e d by the r e s u l t s 
o f t h e experiment i n which the l a r v a e were h a t c h e d on 
d i f f e r e n t c r u c i f e r s . A f t e r n i n e days a s i g n i f i c a n t d i f f e r e n c e 
i n growth was m e a s u r a b l e , and the h i e r a r c h y : 
1, cabbage 
2, A l l i a r i a 
3, B a r b a r e a and H e s p e r i s 
.was a g a i n produced. 
The l a r v a e o f A r t o q e i a n a p i showed no s i g n i f i c a n t 
d i f f e r e n c e i n terms of mean w e i g h t s , growth r a t e , s u r v i v a l , 
p u p a l v/eights and t h e time tal<:en to complete development. 
However s m a l l sample s i z e s were u s e d and the amount o f 
v a r i a t i o n between the l a r v a l w e i g h t s was high*. These 
r e s u l t s , however, a r e s u p p o r t e d by t h e work of Dowdeswell 
and W i l c o x (1961) a l s o working w i t h A r t o q e i a n a p i . Th.ey 
found t h a t the growth r a t e s o f l a r v a e were s i m i l a r when 
f e e d i n g on e i t h e r A l l i a r i a p e t i o l a t a or Cardamine p r a t e n s i _ s , 
a l s o t h e time o f Tvapation and the d u r a t i o n of t h e p u p a l 
p e r i o d were u n r e l a t e d to the food of t h e l a r v a e . W iereas 
W i c k l u n d (1974) ivorking w i t h the l a r v a e o f P a r ) i l o macheon 
the S w a l l o w t a i l b u t t e r f l y , and Chew (1975) w i t h t h o s e o f 
A.n.macdunnouqhii f e l t t h a t t h e i r r e s u l t s e n a b l e d a h i e r a r c h y 
o f f o o d p l a n t s u i t a b i l i t y t o be drawn up, Courtney (1980) 
w o r k i n g w i t h A n t h o c h a r i s cardamines l a r v a e i n Durham u s e d 
some o f t h e f o o d p l a n t t h a t I have u s e d i n f e e d i n g experiments 
and f o u n d a s i m i l a r o r d e r o f s u i t a b i l i t y f o r t h a t s p e c i e s as 
I h ave found w i t h , P i e r i s b r a . s s i c a e . 
From t h e l a r v a l w e i g h t g a i n and f o o d i n t a k e experiment 
I had hoped to be a b l e to e l u c i d a t e whether any d i f f e r e n c e s 
i n w e i g h t g a i n were due to a low r a t e o f consumption or t o 
a low n u t r i t i o n a l and/or t o x i c c o n t e n t o f the pleint food. 
T h i s experiment (and a l s o t h e Growth E x p e r i m e n t a t 10°C) 
showed t h a t t h e l a r v a e v;ere a t f i r s t r e l u c t a n t to e a t t h e 
new f o o d p l a n t s A l l i a r i a , H e s p e r i s and B a r b a r e a , and a low 
i n i t i a l weight g a i n was due to t h i s f a c t . T h i s r e l u c t a n c e 
to e a t may be due to a weaker g l u c o s i n o l a t e p r o f i l e or 
p e r h a p s a p e c u l i a r c h e m i c a l c o n s t i t u e n c y o f the p l a n t which 
r e p e l s t h e l a r v a e . D a v i d and G a r d i n e r (1966) f e e d i n g 
l a r v a e o f P . b r a s s i c a e on a semi s y n t h e t i c d i e t found t h a t 
i n c r e a s i n g the g l u c o s i n o l a t e c o n c e n t r a t i o n d i d not i n c r e a s e 
t h e r a t e of consumption, and c o n c l u d e d t h a t the s t i m u l u s to 
e a t p r o v i d e d by g l u c o s i n o l a t e s i s a q u a l i t a t i v e r a t h e r thain 
a q u a n t i t a t i v e r e s p o n s e . I t may be tha.t when the l a r v a e 
r e f u s e d to e a t f o r two days but then f i n a l l y resumed e a t i n g , 
s t a r v a t i o n had l o w e r e d t h e i r t h r e s h o l d o f r e s p o n s e , 
Feeny and S l a n s k y (1977) b e l i e v e d t h a t t h e growth o f 
F . r a p a e l a r v a e on d i f f e r e n t p l a n t s c o u l d be e x p l a i n e d b e s t 
i n terras o f s t a b i l i j ; a t i o n (and p r o b a b l y m a x i m i z a t i o n ) of 
t h e n i t r o g e n a c c u m u l a t i o n r a t e , and t h a t g l u c o s i n o l a t e s 
a f f e c t growth to a much l e s s e r e x t e n t than do the n u t r i t i o n a l 
c h a r a c t e r i s t i c s o f food p l a n t s . I n t h e 15*^0 Grov/th ex^jeriment 
(Graph 2a) where t h e l a r v a e were i n t r o d u c e d to t he new food-
p l a n t s a t f o u r days o l d , s i g n i f i c a n t d i f f e r e n c e s i n mean 
w e i g h t d i d not occ:ur u n t i l t h e l a r v a e were over e l e v e n days 
o l d . I have no e v i d e n c e t h a t t h i s r e d u c t i o n i n mean \veight 
by t h e l a r v a e f e e d i n g on B a r b a r e a and Cardamine, as compared 
w i t h t h o s e f e e d i n g on cabbage was due. to low consumption 
r a t e s , and t h e r e f o r e f e e l t h a t poor n u t r i t i o n a l q u a l i t i e s 
of t h e w i l d f o o d p l a n t s must be p l a y i n g a p a r t i n p r o d u c i n g 
loiver growth r a t e s o f P . b r a s s i c a e l a r v a e . I t would be under-, 
s t a n d a b l e i f the l a r v a e a r e r e l u c t a n t to e a t t h e s e f o o d p l a n t s 
b e c a u s e t h e y r e c o g n i z e t h e i r n u t r i t i o n a l d e f i c i e n c i e s , 
H o v a n i t z (1962) h a s s a i d t h a t t h e foo d p r e v i o u s l y 
e a t e n by some P i e r i s r a p a e l a r v a e d i r e c t l y i n f l u e n c e s t h e i r 
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c h o i c e of food i n t he d i r e c t i o n of t h e p r e v i o u s l y e a t e n 
f o o d p l a n t s . My r e s u l t s from the 'Food p r e f e r e n c e ' 
e x p e r i m e n t u s i n g P . b r a s s i c a e l a r v a e a g r e e s w i t h t h i s view 
to some e x t e n t . Cabbage was the f o o d p l a n t the l a r v a e were 
r e a r e d on and t h i s ivas t h e f o o d p l a n t e a t e n i n g r e a t e s t 
q u a n t i t y when t h e l a r v a e v/ere g i v e n a c h o i c e . From t h i s 
e x p e r i m e n t I wanted to determ.ine whether the Icorvae c o u l d 
r e c o g n i s e t h e r e l a t i v e s u i t a b i l i t y of the p l a n t s t h e y ivere 
o f f e r e d : -
F i e r i s b r a s s i c a e 
Food p l a n t s u i t a b i l i t y Food plaint p r e f e r e n c e 
1. cabbage and B r a s s i c a r a p a 1. cabbage 
2. A l l i a r i a 2. A l l i a r i a 
3. H e s p e r i s 3, H e s p e r i s and B r a s s i c a r a p a 
B a r b a r e a 4. B a r b a r e a 
The h i e r a r c h i e s a r e v e r y s i m i l a r . I t i s s u r p r i s i n g t h a t 
B r a s s i c a r a p a i s not h i g h e r i n the p r e f e r e n c e h i e r a r c h y as 
t h i s p l a n t s u p p o r t s good growth, and a l s o , presumably has 
s i m i l a r c h e m i c a l c h a r a c t e r i s t i c s to Cabbage. 
A r t o q e i a n a p i c h o s e f o o d p l a n t s i n the o r d e r 
1. Sisymbrium 
2. H e s p e r i s 
3. A l l i a r i a 
4. B r a s s i c a r a p a 
5. B a r b a r e a 
C o n t r a r y to H o v a n i t z ' s f i n d i n g s the l a r v a e p r e f e r r e d food-
^ OK 
p l a n t s S i s y m b r i u m and H e s o e r i s , to t h a t ^ w h i c h they had 
p r e v i o u s l y been f e e d i n g , i . e . A l l i a r i a . Both my e x p e r i m e n t a l 
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a n i m a l s a v o i d B a r b a r e a v u l g a r i s as a f o o d p l a n t , which s u p p o r t s 
o n l y poor l a r v a l development of P i e r i s b r a s s i c a e and a l s o 
s l o w development o f A n t h o c h a r i s cardaniines i n Durham. I t 
may be t h a t t h i s s p e c i e s p o s s e s s e s p e c u l i a r c h e m i c a l 
p r o p e r t i e s t h a t both r e p e l and c a u s e slow grov/th o f the 
l a r v a e . 
L e e s anci A r c h e r (1974) s t u d y i n g A r t o q e i a n a p i i n B r i t a i n 
l i s t e d the p l a n t s i t most commonly used as f o o d p l a n t s '.vhich 
V/ e r e : - Cardamine p r a t en s i s , / m i l i a r i a p e t i o l a t a , Sisymbrium 
o f f i c i n a l e and R o r i p p a n a s t u r t i u m - a o u a t i c u m ( L ) Hayek, 
A r t o g e i a n a p i f e m a l e s v/ere f r e q u e n t l y and r e g u l a r l y o b s e r v e d 
to o v i p o s i t i t on, and l a r v a e c o u l d be r e g u l a r l y o b t a i n e d from, 
t h e s e p l a n t s . They l i s t e d s..ecies l e s s f r e q u e n t l y u t i l i z e d 
c o n t a i n i n g p l a n t s I d i d not u-se i n my experiment, A t h i r d 
c a t e g o r y l i s t e d s p e c i e s f o r which t h e a u t h o r s o n l y had one or 
two i s o l a t e d o b s e r v a t i o n s o f female o v i p o s i t i o n and from ivhich 
i t was v i r t u a l l y i i T i p o s s i b l e t o r e c o v e r l a r v a e . One o f t h e s e 
l a t t e r p l a n t s v/as B a r b a r e a v u l g a r i s . Thus the o v i p o s i t i o n 
p r e f e r e n c e s of t h e a d u l t s r e f l e c t t h e l a r v a l f o o d p l a n t 
p r e f e r e n c e s . T h i s phenomenon has a l s o been found by o t h e r 
v/orkers i n t h i s f i e l d (Chew 1975, W i c k l u n d 1973), Wicklund 
(1974) h a s d i s c u s s e d how the s u i t a b i l i t y of v a r i o u s p l a n t 
s p e c i e s as food f o r the l a r v a e i s i n t e r r e l a t e d w i t h the 
o v i p o s i t i o n p r e f e r e n c e s o f the a d u l t s . He proposed t h a t 
e i t h e r ( 1 ) l a r v a l f o o d i s "remembered" by the female a d u l t 
and p r e d i s p o s e s her to l a y h e r eggs on t h a t p l a n t ( a f t e r 
H o p k i n s ( l 9 ^  ) , or .(2) l a r v a l f o o t ^ l o n t s u i t a b i l i t y and the 
a d u l t o v i p o s i t i o n p r e f e r e n c e s a r e d e t e r m i n e d by the same 
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gene complex, or ( 3 ) l a r v a l food s u i t a b i l i t y and t he a d u l t 
o v i p o s i t i o n p r e f e r e n c e s a r e dete r m i n e d by d i f f e r e n t gene 
c o m p l e x e s , H o v a n i t z and Chang (1964) found t h a t tliey c o u l d 
c o n d i t i o n s t r a i n s o f P i e r i s rapae l a r v a e to p r e f e r a 
p a r t i c u l a r foodplc'int and the a d u l t s produced by t h o s e 
l a r v a e p r e f e r e n t i r j . l y u s e d t h i s p l a n t f o r o v i p o s i t i o n . 
However t h i s i s t h e o n l y b u t t e r f l y i n v/hich the l a r v a l food-
p l a n t h a s been demonstrated to i n f l u e n c e the a d u l t o v i -
p o s i t i o n p r e f e r e n c e . W i c k l u n d (1974) i n exj;)eriments w i t h 
P a p i l i o macheon found t h a t i n no c a s e had t h e o v i p o s i t i o n 
p r e f e r e n c e s of the a d u l t s been i n f l u e n c e d s u b s t a n t i a l l y by 
t h e l a r v a l food. He a l s o cor.cluced from h i s work, and t h a t 
o f o t h e r s , t h a t l a r v a l food s u i t a b i l i t y and o v i p o s i t i o n 
p r e f e r e n c e s a,re d e t e r m i n e d by d i f f e r e n t gene complexes. 
T h e r e a r e many r e c o r d e d causes where a d u l t f e m a l e s have 
o v i p o s i t e d on v-lants on v/hich t h e i r l a r v a e c o u l d not complete 
development, or e v e n r e f u s e d to e a t (Chev; 1975, Bowden 1970, 
S t r a a t r a a n 1.962). I n Durham (1980) f e m a l e s o f A n t h a c h a r i s 
c a r d a i T i i n e s were s e e n to o v i p o s i t on p l a n t s o f Reseda l u t e o l a 
( a p l a n t i n t h e R e s e d a c e a e f a m i l y ' w h i c h a l s o c o n t a i n 
g l u c o s i n o l a t e s ) and many eggs were found on t h e s e p l a n t s . 
I n no c a s e , i n the f i e l d , d i d the l a r v a e s u r v i v e t h e i r 
f i r s t i n s t a r of R e s e d a l u t e o l a p l a n t s and v;ere e i t h e r found 
dead on t h e i n f l o r e s c e n c e s or not r e c o v e r e d a t a l l . 
B u t t e r f l y l a r v a e \ v i l l e a t p l a n t s which a r e n e v e r o v i -
p o s i t e d on i n n a t u r e . The B l u e b u t t e r f l y P l e b e j u s i c a r i o i d e s 
l a r v a e a r e r e s t r i c t e d to f e e d i n g on s p e c i e s of p l a n t i n t h e 
genus L u p i n u s . I n any a r e a -vliere more th^^n one s p e c i e s of 
L u p i n u s o c c u r s , the f e m a l e s o n l y o v i p o s i t on. cine s p e c i e s , 
u s u a l l y t h e most pubescent s p e c i e s . However the l a r v a e of 
any p a r t i c u l a r p o p u l a t i o n w i l l a c c e p t t w e n t y e i g h t c i i f f e r e n t 
s p e c i e s o f L u p i f o o d p l a n t s i n t h e l a b o r a t o r y (Dovmey 
and Durn 1 9 6 4 ) . S i n g e r i n 1971 c o n c l u d e d t h a t " l a r v a l food-
p l a n t p r e f e r e n c e i s not r e l a t e d to a d u l t o v i p o s i t i o n 
p r e f e r e n c e s i n any p r e d i c t a b l e ivay". 
Although p e r h a p s d e t c r r i i n e d by s e p a r a t e gene complexes 
i n n a t u r a l s i t u a t i o n s the o v i p o s i t i o n p r e f e r e n c e s emd l a r v a l 
f o o d - p l a n t p r e f e r e n c e s do seem to be r e l a t e d , and t h i s i s 
p r o b a b l y due to n a t u r a l s e l e c t i o n a c t i n g on s p e c i e s , sub-
s p e c i e s arid popu.lations o f b u t t e r f l i e s and t h e i r l a r v a e i n 
any p a r t i c u l a r a r e a . W i c k l u n d (1974) b e l i e v e s t h a t as h o s t 
p l a n t c h o i c e i s e x e r c i s e d by the a d u l t s , n a t u r a l s e l e c t i o n 
w i l l a c t on the o v i p o s i t i o n prefe.rence system of the a d u l t s 
t o d i r e c t egg l a y i n g tov/ards t h e most s u i t a b l e p l a n t s p e c i e s . 
I t ivould then be e x p e c t e d t h a t by f e m a l e s o v i p o s i t i n g 
p r e f e r e n t i a l l y on a h o s t p l r n t which c o n f e r r e d above average 
S L i r v i v a l to l a r v a e t h i s v/ould lea,d to a monophagic s t r a t e g y . 
However i n the c a s e o f many b u t t e r f l i e s , i n c l u d i n g A r t o g e i a 
na.pi and, to a l e s s e r e x t e n t , P i e r i s b r a s s i c a e , on o l i g o p h a g i c 
s t r a t e g y i s adopted by t h e a d u l t s and t h e i r l a r v a e ( t h e r e may 
be a h i e r a r c h y o f s u i t a b i l i t y but l a r v a e a r e a b l e to complete 
development on a number o f c r u c i f e r s ) . O ligophagy i s s a i d t o 
be i n t e r m e d i a t e between mono and polyphagy and o c c u r s when a 
l i m i t e d num.ber of t a x o n o m i c a l l y r e l a t e d h o s t p l a n t s a r e u s e d 
53. 
IN-
i n a l i r . i i t e d nuPiber o f h a b i t a t s . The r e a s o n f o r t h e 
a.doption of a o l i g o p h a g i c s t r a t e g y , or i t may be s a i d 
t h e n o n - o c c u r r a n c e o f monophagy i n the f o u r B r i t i s h P i e r i d s 
l i v i n g i n Durham, c a n be a c c o u n t e d f o r by t h e n a t u r e o f 
t h e i r c r u c i f e r o u s h o s t p l a n t s and the h a b i t a t s i n ivhich they 
l i v e . 
The m a j o r i t y of c r u c i f e r s a l o n g t h e banks of the R i v e r 
k 
VJear i n Durha*). a r e a n n u a l s or b i e n n i a l s and "t^-^s u n p r e d i c t a b l e ^ 
in s p a c e , and i n numbers. T h i s u n p r e d i c t a b i l i t y has l e d to a 
v a g r a n t mode o f l i f e : A r t o q e i a n a p i , A.rapae and P i e r i s 
b r a s s i c a e a r e a l l h i g h l y m o b i l e a n i m a l s and the f e m a l e s o f 
A n t j i o c h a r i s caxdamines a r e a l s o known to move away from t h e 
r i v e r and t r a v e l o v e r wide d i s t a n c e s presumably i n s e a r c h o f 
h o s t p l a n t s . T h i s v a g r e n t mode o f l i f e does not a l l o w t h e 
b u t t e r f l i e s to become l o c a l l y adapted. The c r u c i f e r s , a l s o 
grow i n a number o f d i f f e r e n t m i c r o h a b i t a t s by the r i v e r : 
wet meadows and d r y b a r e waste a r e a s , a l s o a t d i f f e r e n t 
h e i g h t s on the b a n k s . I n d i f f e r e n t y e a r s w i t h d i f f e r e n t 
w e a t h e r c o n d i t i o n s , t h e r e m i c r o h a b i t a t s d i f f e r i n s u i t a b i l i t y 
f o r l a r v a l growth. I n w e t y e a r s t h e meadows nay be sodden 
and t h e r i v e r banks f l o o d e d , x^/hereas i n dry y e a r s the p l a n t s 
i n h i g h , b a r e a r e a s may become d e s i c c a t e d . Thus, because t h e 
f o o d p l a n t s a r e adapted to d i f f e r e n t h a b i t a t s , t h e y a l s o v a r y 
i n t h e i r r e l a . t i v c d e g r e e o f s u i t a b i l i t y a s l a r v a l food. Thus 
n a t u r a l s e l e c t i o n , i n an u n p r e d i c t a b l e climate., and w i t h 
u n p r e d i c t a b l e p r o v i s i o n o f c o n d i t i o n s f o r c r u c i f e r g e r m i n a t i o n , 
may n e v e r f a v o u r t l i e same h o s t p l a n t s p e c i e s , i n terms o f 
s u i t a b i l i t y f o r l a r v a l food, i n c o n s e c u t i v e y e a r s , Thjks, 
and t h e i n a b i l i t y to u t i l i z e t h e same p l a n t r e g u l a r l y , 
f o r c e s t h e b u t t e r f l i e s to u t i l i z e a number of h o s t p l a n t s 
i n t h e h a b i t a t s u s e d by the s p e c i e s . A c c o u n t i n g ' f o r the 
a b i l i t y o f the l a r v a e o f P i e r i s b r a s s i c a e and A r t o g e i a 
n a p i to u t i l i z e a number o f d i f f e r e n t c r u c i f e r s i n the 
l a b o r a t o r y . 
55, 
B i b l i o g r a p h y 
BLAU, P.A., FEENY, P, 
CGrriAKDO, L. and 
ROBSON, D.S., 197G. 
BOWDEN, S.R., 1970. 
CHEW, F.S., 1975. 
1977. 
1979, 
COURTNEY, S.P., 1980. 




DO WD£SWELL, Vv'. H. , an d 
V;iLCOX, H.N.A. , 1961. 
DOVJNEY, J.C. , and 
DUNN, D.B., 1964. 
EII L I C H , P.R. and . 
RAVEN, P.H., 1964. 
FEENY, P., and 
SLfU^jSKY, F, , 1977, 
A l l y l g l u c o s i n o l a t e s and h e r b i v o r o u s 
c a t e r p i l L a r s : a c o n t r a s t i n 
t o x i c i t y and t o l e r a n c e . 
S c i e n c e 200, p. 1296-1298, 
American w h i t e b u t t e r f l i e s 
( P i e r i d a e ) and E n g l i s h f o o d p l a n t s . 
J . L e o i d . Soc. 25, No. 1, p. 6. 
C o e v p l u t i o n of P i e r i d b u t t e r f l i e s 
and t h e i r C r u c i f e r o u s f o o d p l a n t s . 
I . The r e l a t i v e q u a l i t y o f a v a i l a b l e 
r e s o u r c e s . 
O c c o l o g i a ( B e r l . ) 20, 117-127, 
I I . The d i s t r i b u t i o n o f eggs.on 
p o t e n t i a l f o o d p l a n t s . 
E v o l u t i o n 31, No. 3, p. 568-579, 
Community ecology and P i e r i s -
C r u c i f e r c o e v o l u t i o n . 
New York E n t . S o c. LXXXVII ( 2 ) 
p, 128-134. 
S t u d i e s on the b i o l o g y of t h e 
b v i t t e r f l i e s / i n t h o c h a r i s cardamines 
( L ) and P i e r i s n a p i ( L ) i n 
r e l a t i o n to s p e c i a t i o n i n the 
P i e r i n a e . 
Ph.d. t h e s i s . 
P i e r i s b r a s s i c a e i n thcj l a b o r a t o r y . 
B u l l . E n t . Kes. 52, p. 263-80. 
!-'.;ustard o i l g l u c o s i d e s as f e e d i n g 
s t i m u l a n t s f o r P i e r i s b r a s s i c a e i n 
a s e m i - s y n t h e t i c d i e t . 
Entomol. Eycp. A p p l . 9, 247-255. 
The i n f l u e n c e o f t h e foodplcint on 
growth r a t e and p r e i m a g i n a l 
m o r t a l i t y i n the G r e e h v e i n e d 
w h i t e b u t t e r f l y P i e r i s n a p i ( L ) 
E n t . 94 2-8, 
V a r i a t i o n i n the L y c a e n i d . b u t t e r f l y 
P l e b e j u s i c a r i o i d e s (Bdv.) 
I l l A d d i t i o n a l d a t a on f o o d p l a n t 
s p e c i f i c i t y . 
E c o l o g y 45. p. 172. 
B u t t e r f l i e s and p l a n t s , a study i n 
c o e v o l u t i o n . 
E v o l u t i o n 18: 586-608. 
S t a b i l i z a t i o n o f t h e r a t e o f N 
accum.ula.tion by l a r v a e o f t h e 
cabbage b u t t e r f l y on w i l d and 
c u l t i v a t e d f o o d p l a n t s . 
£col, raonogr. 47, p. 209-228. 
i 6 . 
FRAEM<£L, G., 1959. 
H O V A N I T Z , W., 1 9 6 9 . 
HOVANIT2, W., and 
CHAIMG, V.C.S. 1 9 6 2 a 
1963 lb. 
LEES, E. and ARCHER, D.M 
1974, 
SHAP3:RO, A.M. , 1 9 7 5 . 
SINGER, M.C., 1971. 
STRAATMAI-J, R. , 196^ 
VERSCHAFFELT, E., 1 9 1 1 , 
WHITTAKER, R.H. and 
FEEMY, P..P. , 1971. 
WICKLUND, C., 1973. 
1974. 
1975. 
The r a i s o n d ' e t r e o f secondary 
p l a i i t substances. 
Sclerice 1 2 9 , 1466-1470. 
I n h e r i t e d and/or c o n d i t i o n e d 
changes i n >5ostr.-.l^a^t p r e f e r e n c e s 
i n P i e r i s . 
Entomol. Exp. A p p l . 12: 729-735. 
The e f f e c t o f v a r i o u s f o o d p l a n t s on 
S u r v i v a l and nroivth o f P i e r i s 
J. Res. Lepid.' 1 , 21-42. 
Change o f f o o d p l a n t p r e f e r e n c e by 
l a r v a e o f P i e r i s racae c o n t r o l l e d 
by s t r a i n s e l - z c t i o n and t l i e 
i n h e r i t a n c e o f t h i s t r a i t . 
J. Res. L e p i d . 2, p. 163-168. 
The ecology o f P i e r i s n a p i (L) 
( L e p i d o p t e r a , Pi--;iridaG) i n B r i t a i n . 
E n t o n i o l o g i s t ' s Ga;:ette 25, p. 231-237. 
The r o l e o f v 'at er cress N a s t u r t i u m 
o f f i c i n a l e as a h o s t o f n a t i v e and 
i n t r o d u c e d P i e r i d b u t t e r f l i e s i n 
C a l i f o r n i a . 
J. o f Res on the L e p i d . 14 ( 3 ) : 
158-168, 
E v o l u t i o n o f f o o d p l a n t r e f e r e n c e s 
i n the b u t t e r f l y Euphydryas e d i t h a . 
E v o l u t i o n 25: 383-389. 
Notes on c e r t a i n L e p i d o p t e r a 
o v i p o s i t i n g on p l a n t s which are 
t o x i c t o t h t i r l a r v a e . 
J. L e p i d . Soc. 16: 99-103. 
The cause d e t e r m i n i n g t h e s e l e c t i o n 
o f f o o d i n some h c r b i v e r o u s i n s e c t s . 
Proc. S c i . K. Acad. VJet. 
Ams t er dan 13 : 536-542. 
A l l e l o c h e m i c s : chemical i n t e r a c t i o n s 
between s p e c i e s . 
Science 171 : 757-770. 
Host p l a n t s u i t a b i l i t y and t h e 
n e c h a n i s R ox h o s t p l a n t s e l e c t i o n 
i n l a r v a e o f P a p i l i o macheon L. 
O e c c l o g i a ( B e r l . ) 1 8 : 185-197. 
O v i p o s i t i o n p r e f e r e n c e s i n P a p i l i o 
nacheon i n r e l a t i o n t o t h e h o s t 
p l a n t s o f t h e i r l a r v a e . 
Entoniol. Ezcp. A p p l . 17: 189-198. 
The e v o l u t i o n a r y r e l a t i o n s h i p 
betvveen a d u l t o v i p o s i t i o n p r e f e r e n c e s 
and l a r v a l h o s t •••iant range i n 
P a p i 1 i o nachpon L, 
Cecologia"'(3erl'.) 18: 1"5-197. 
1978. Host p l a n t s , n e c t a r source p l a n t s , and. h a b i t a t s e l e c t i o n c± males and 
f e m a l e s o f Anthochc\ris carda^.^ines 
(Len i doD t er zY". 
Cikos 3 1 : 169-133. 
I n a d d i t i o n 
NEWTH, Dr. 1970 
SOLOMON, M.E. 1969 
SOUTH, R. 1944 
Animal growth and development. 
Edward Arnold ( P u b l i s h e r s ) L t d . 
Population Dynamics 
Edward Arnold ( P u b l i s h e r s ) L t d . 
The C a t e r p i l l a r s of the B r i t i s h 
B u t t e r f l i e s . 
Ed. G.H.T. Stovin. 
